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This study is an assessment of alternatives for the utilization of used lubricating 
oil. The study focuses on the technical, environmental and economic aspects of 
re-refining and provides an analysis of lube oil markets within the Province of 


Ontario. 


EXECUTIVE SUMMARY 


The report contains seven chapters: 


Chapter | - Survey of Available Re-Refining Technology 
Chapter 2 - Re-Refining Product Cost and Quality 


Chapter 3 - Environmental Impact of By-Products of Re- 
Refining Processes 


Chapter 4 - Survey of Alternative Available Technology 
For Disposal or Use of Waste Oil Including Analysis of 
Environmental Impact 


Chapter 5 - Demand for Lubricating Oil in Ontario 


Chapter 6 - Survey of Attitudes Toward Re-Refining 
Products and Assessment of Market Potential 


Chapter 7 - Technology for an Optimal Re-Refinery 


The following re-refining technologies are described in Chapter I. 


Acid/Clay Process - Sulfuric acid reacts with, dissolves or 
settles waste oil contaminants; clay is utilized to remove 
any color bodies. 


Extraction/Acid/Clay Process - Propane is used to extract 
lube oil from waste oil. Sulfuric acid and clay are used to 
remove residual contaminants. 


Distillation/Clay Process - Waste oil is vacuum distilled. 
Lube oil distillates are treated with clay to remove residual 
contaminants. 


® Distillation/Hydrotreating Process - Waste oil is vacuum 
distilled. Lube oil distillates are treated with hydrogen to 
remove residual contaminants. 

@ Dehydration/Clay Process - A simplified process for re- 
refining industrial used oil. The oil is heated to boil off 
water and light petroleum fractions. The dehydrated oil is 
treated with clay to remove residual contaminants. 

@ Antifreeze Recovery - The process consists of neutralizing 
free organic acid content, filtering for dirt and rust, and 
distillation for the recovery of ethylene glycol. 

Each of the processes for re-refining used oil appear to be practicable, as 


they have been commercially or experimentally proven. 


Chapter | establishes the technical basis for the economic, environmental and 
market assessments provided in the following chapters. Detailed flow diagrams 
are provided which indicate processing unit capacities, material flow rates, energy 
requirements and rates of by-product release. Detailed documentation of all 


design assumptions for each of the re-refining technologies are also provided. 


Chapter 2 provides an economic analysis for each of the oil re-refining 
technologies described in Chapter |. The economic analysis includes an evaluation 
of the initial capital investments and annual operating costs. Sensitivity analyses 
were performed for each re-refinery design concept to determine the effect of 
changes in plant design, capital cost, feedstock cost, etc. on the average unit cost 
of production and the after tax rate of return on investment. The economic 
modeling includes the current depreciation regulations and tax structure existing 


in Ontario. 


The most economically attractive investment, based on the initial capital 


requirements, the average cost of production and the after tax rate of return on 


>} 


investment, is the Distillation/Clay process, operating at 90 percent of capacity 


with a yearly intake volume of 5.5 million Imperial gallons of used lubricating oil. 


The next most attractive is the Distillation/Hydrotreating process, utilizing 
comparable design and operating parameters. The Extraction/Acid/Clay and the 
Acid/Clay processes operating under the same conditions are either marginal or 


unprofitable investments. 


The Dehydration/Clay process, operating at 90 percent of capacity with a yearly 
intake volume of 2 million Imperial gallons of used industrial oil, is an attractive 
investment. The after tax rate of return is comparable to that of the larger 
Distillation/Hydrotreating process. An analysis of the profitability of producing 
finished industrial oils by blending additives with re-refined base oils is also 


included. 


The quality of re-refined base oils produced using three of the technologies under 
consideration was evaluated. Laboratory tests of the physical and chemical 
properties of commercially available re-refined oils revealed that all three 


technologies are capable of producing oils suitable for further use. 


The environmental risks associated with alternative methods of disposal of the by- 
products of re-refining processes are analyzed in Chapter 3. On the basis of data 
developed in Chapter | for rates of by-product release and the relative risks of 
exposure to these wastes, the re-refining processes are ranked in order of 


decreasing potential environmental effect. 


® Acid/Clay Process 


Ranking based on the generation of the largest volume of 
lead-containing acid sludge and on the potential for sulfur 
oxide emissions. 


Chapter 4 provides a review of available technologies for disposal or use of waste 


Extraction/Acid/Clay Process 


Ranking based on reduced use of sulfuric acid with 
consequently lower generation of acid sludge and of sulfur 
oxides. Although the sludge contains relatively less lead, 
this is offset by the generation of high ash residue which 
contains lead. 


Distillation/Clay Process 


Ranking based on elimination of sulfuric acid as a process 
ingredient with consequent elimination of acid sludge and 
sulfur oxide emissions. 


Distillation/Hydrotreating Process 


~Ranking based on the elimination of spent clay as a waste 


by-product. This is considered to be only a marginal 
advantage over the Distillation/Clay process because the 
spent clay is a space-occupying nuisance rather than a 
serious environmental hazard. 


Dehydration/Clay Process 


Ranking based on an operation mode of re-refining only 
segregated industrial waste oil which does not contain lead. 
Use of caustics for additive removal is not required. 


oil, including analysis of environmental impacts. 


The "disposal" methods reviewed are: 


Biodegradation by soil microorganisms 


Thermal destruction without useful heat recovery 


The "useful" or potential applications of waste oil examined are: 


Blending with fuel oil 

Blending with coal 

Use as a fuel in cement plants 

Use as a fuel in municipal waste incinerators 


Use in asphalt manufacture 
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& Use as a dust suppressant road oil © 


@ Blending with diesel fuel 


Comparative evaluations of possible environmental impacts for each alternative 
are provided. Three specific highlights should be noted. 


® Fuel applications - The blending of waste oil with fuel oil 
or coal and use in municipal incinerator facilities give rise 
to concern regarding atmospheric emissions. In all of these 
fuel uses, the lead is almost totally volatilized, thus posing 
the likelihood of its emission to the atmosphere. The major 
difference among the alternatives is the degree to which 
ambient lead concentrations are limited either by the use 
of tall stacks or pollution control devices. The key 
question is whether resulting ambient concentrations repre- 
sent hazards to health. Although existing data suggest that 
ambient lead concentrations will not exceed current On- 
tario criteria, any disposal method which releases lead to 
the environment should be viewed with great caution. 


€ The use of waste oil as a cement plant fuel is particularly 
attractive, as nearly all of the lead contained in the waste 
oil becomes incorporated in the clinker and in the condi- 
tioning tower solids. 


® Considerable attention is devoted to analysis of the 
environmental impacts of road oiling. The environmental 
hazards which are, or may be, associated with this 
alternative cannot be quantified except in the context of 
the specific conditions under which it is employed. Under’ 
some conditions, road oiling may be environmentally safe. 
Under other conditions, there could be significant risk to 
people, plants and animals. The specific conditions are 
outlined in the text. Recommendations are provided for 
further research to resolve these uncertainties. 


Chapter 5 provides a ten year forecast of demand in Ontario for lubricating oil 
products. Demand projections by type of oil and end use are included. The 
following table summarizes the demand forecast (in millions of Imperial gallons) 


for Ontario: 


_ ‘> 


1975 1980 1985 


Automotive Oils 43.3 54.2 69.5 


Industrial Oils 49.9 62.4 ib ee 


Totals 93.2 116.6 149.4 


Demand projections were based on historical relationships between lube oil 
consumption, vehicle miles traveled and industrial activity. A portion of the data 
required for these analyses were obtained from major oil companies with the 


assistance of the Ministry of Energy. 


An analysis is provided of the impact of the currently planned expansion in lube oil 
refining capacity on the Ontario lube oil market and the implications of this new 
capacity for a large scale re-refinery. A major expansion in the production of 
virgin base oils would extensively alter the market balance, both in Ontario and in 
all of Canada. This alteration could pose a substantial threat to the profitability 


of a large scale re-refinery. 


Chapter 6 presents the results of a survey of attitudes toward the use of re- 
refined products. Based on this survey and the demand forecasts of Chapter 5, an 


assessment of market penetration of re-refined oils is provided. 


Preliminary consultation of census publications suggested that the time and 
available funds would be best spent in studying large users of lube oils in a few key 
industries, e.g., steel, fleet trucking, industrial tools and parts, etc., and 
independent blenders who sell finished lube oils in automotive and industrial 


markets. Interviews were held with 31 individuals representing 22 firms. 
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The interviews focused on: 


® Characteristics of interviewee(s) and firm 

® Types and volumes of lubricating oils purchased 
2 Lubricating oil prices 

é Purchasing process 


@ Security of supply 
® Potential substitution 


8 Use of synthetic oil 


® Use of re-refined oil 
és Disposal of waste oil 
@ Government regulations 


The last part of Chapter 6 provides an analysis of major marketing channels and 
an assessment of the potential market for re-refined products. The commercial - 


and industrial sectors and blenders are potential markets for re-refined products. 


Interviews with blenders revealed that under present market conditions, these 
firms would be willing to purchase large volumes of re-refined oil, if the re- 
refiner could guarantee assurance of supply and maintenance of product quality. 
However, currently planned expansion of capacity for virgin lube oil production in 
Ontario poses a threat to stability of the wholesale lubricant market. In view of 
the projected growth rates for demand and producing capacity in Ontario and all 
of Canada, it is uncertain whether a large scale (5 million gallon per year) re- 
refinery could successfully compete in the wholesale market with suppliers of 


virgin lubricants. 


Sales of industrial oils re-refined under closed-cycle conditions offer a degree of 
insulation from the expected competition resulting from planned expansions of 
refining capacity. Such insulation stems from the services offered, such as 
collection of waste products, blending of specific oils, technical assistance and 
contractual obligations. Sufficient waste oil supplies and appropriate channels of 
sale have been assessed to exist in order to support the operation of a small scale 
Dehydration/Clay process at an annual production level of 1.8 million Imperial 


gallons in Ontario. 


Based on evaluations of the technology, economics and environmental impacts of 
available re-refining technologies, it is possible, after considering current and 
projected market conditions, to evaluate the five processes and recommend the 
optimal re-refining technology for Ontario. This recommendation is made in 


Chapter 7. 


The criteria used for process evaluation are: 


6 Environmental Rating - Generation of by-products during 
the process operation based on: 


- Degree of hazard 


- Volume of waste per unit of product produced 


® Quality of Product Rating - Effectiveness in removal of 
contaminants and additives, as well as effect of the process 
on desired product qualities. 


© Product Range Rating - Ability of the process to produce 
selected product classifications, either neutral or bright 
stocks, and to provide a desired specific gravity and 
viscosity. 
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@ Feedstock Availability and Market Assessment Rating - 
Ability to obtain the required, quantity of waste oil feed for 
a specific desired operational capacity and the ability to 
market the product, either base oils to the wholesale 
market or finished oils blended with additives to final 
users. 
@ Economic Rating - Assessment of economic desirability 
based on the amount of initial capital investment required, 
unit cost to produce a gallon of product and estimated 
percentage rate of return after tax. 
To account for the relative importance of each of the above criteria, weighting 
factors were assigned and each process was scored according to each criterion on 
a scale from one to ten. The total score for each process was calculated as the 
sum of the products of the weighting factors and the scores for each criterion. 
This permitted a numerical ranking of the five processes in order of overall 
desirability. Variations in the weighting factors assigned to each criterion were 


made in order to determine the sensitivity of the overall rankings to assumptions — 


made regarding the relative importance of the criteria. 


For all cases used in the sensitivity analysis, the Dehydration/Clay process was 
found to be the most desirable. Although either of the two distillation processes 
could also be highly desirable, uncertainty as to the availability of adequate 
volumes (5.5 million gallons per year) of waste oil feedstock reduced the rankings 
of these processes. The Dehydration/Clay process requires about 2 million gallons 
of industrial waste oil annually. Since this oil would be collected and re-refined 
under closed-cycle conditions (with contractual agreements between the re- 
refiner and his clients), the Dehydration/Clay re-refiner is insulated from 
competition provided by other markets (e.g., road oiling, cement plant fuel, etc.) 


for limited supplies of waste oil. 


THEREFORE, THE RECOMMENDED OPTIMAL TECHNOLOGY FOR A RE- 
REFINERY IN ONTARIO BASED ON CURRENT AND PROJECTED CONDITIONS 
IS THE SMALL SCALE DEHYDRATION/CLAY PROCESS OPERATED ON A 
"CLOSED-CYCLE" CONTRACTUAL BASIS WITH INDUSTRIAL CLIENTS. 


Should adequate supplies of feedstock be assured, either through location of 
_additional sources of waste oil or through the provision of guaranteed allocations 
from currently known available supplies, the Distillation/Clay and Distilla- 
tion/Hydrotreating processes would be the most desirable. Further assessment 
based on specific requirements of the operator would be needed to select between 
the two processes. However, even if an adequate supply of feedstock could be 
assured, increased competition in the wholesale market, due to planned large scale 
expansion of lube oil producing capacity in Ontario, may pose a threat to the 


profitability of a large scale re-refinery. 
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1. SURVEY OF AVAILABLE RE-REFINING TECHNOLOGY 


1.1 Introduction 

Lubricants conserve energy by reducing the energy needed for motion and 

by reducing the wastage of metals when two surfaces roll or slide against 
each other. Lubrication is accomplished by inserting a thin film of 
lubricant between the sliding surfaces substituting a lower fluid friction 
for a higher dry metal friction. If a lubricant is to perform satisfac- 
torily, it must, in addition to reducing friction and wear, be able to 
carry away heat, prevent corrosion, disperse contaminants, inhibit foam 


formation, and remain intact under sever requirements. 


To qualify as a good lubricant, oils must have the general performance 
characteristics of: 


8 Proper fluidity. 


e Little viscosity change with temperature. 
@ Low freezing point. 
@ Thermal and chemical stability. 


1.2 Manufacture of Lubricating Oils 


Petroleum mineral oils are the most popular lubricants because of their 
relatively low cost and wide range of application. Since not all the 
components of petroleum crude oi] are suitable for use as lubricating 
oils, the commercial production of lubricating oils from virgin crude 
consists of a series of processing steps to separate and concentrate 
those components having favorable characteristics, plus special steps 


to enhance their quality, followed by blending to meet the many special 


wc 
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service requirements. Finally, specialized chemical compounds are added 

to improve or impart desirable lubricating properties. Typically, refining 
virgin crude oil to produce lubricating oils consists of these processing 
steps: 


& Distillation (fractionation) - Petroleum lube oils generally 
fall into the boiling range of 650° F. to 1,000° F. for 
so-called "neutrals" and above 1,000° F. for "bright stocks". 
Distillation is used to remove fractions boiling above and 
below this range and to produce neutral stock of different 
boiling ranges; for example, a light neutral, a medium 
neutral and a heavy neutral may have boiling ranges of 
650° E:to 750° 0F),9750° GF Ste"850° Fefand=850° F2eto 
1,000° F., respectively. (None of these boiling ranges 
is intended to be precise, and there is considerable 
overlap between adjacent stocks. ) 


a Solvent extraction - The material boiling above approximately 
1,000° F. produced in the distillation step (vacuum residuals) 
can be treated with a solvent (commonly, propane) to extract 
the desirable high boiling range lube oi1 stocks (bright 
stock) from nondesirable components such as asphaltenes, 
resins and hydrocarbons combined with metals. 


& Solvent treating - The stocks concentrated by distillation and 
solvent extraction of vacuum residuals can be treated with a 
solvent such as furfural to remove the nondesirable components 
and concentrate those which will satisfy the demand of good 
lubricating oils. 


® Solvent dewaxing - Solvent dewaxing is used to remove the waxy 
components which, if present, would solidify due to the cold and 
could prevent the oil from reaching the areas of metal contact. 


6 Hydrogen or clay treating - The next refining step could be a 
treating process to remove oxygen- and nitrogen-containing 
compounds which, if left in the oil, could reduce the product 
quality by imparting to the oi] a poor color and unsatisfactory 
color stability. The hydrogen-treating process accomplishes 
this by reacting hydrogen with these undesirable components 
(primarily, nitrogen compounds); the clay-treating process 
removes these components by absorbing them onto the clay which 
is removed from the oil by filtration. Hydrogen treating is 
generally replacing clay treating in modern lube oi] plants. 


% Blending and additives - The finished lubricating oi] product 
is then produced by blending combinations of the various 


| O 


neutrals and bright stock to meet the many viscosity require- 
ments. Chemical compounds are added to enhance, improve or 
impart desirable characteristics to the final product. 


1.3 Waste Lube Oils 

In contrast to fuels, lube oils are only partially consumed during their 
lubricating service. Their quality is degraded by oxidation and decomposi- 
tion of mineral oil and/or additives and by contamination by such components 
as gasoline, dirt, metallic particles and carbon. However, a high proportion 
_of the used oil consists of the high-quality hydrocarbons contained in the 
original lube oil. Recovering these hydrocarbons from their decomposition 
products, contaminants and diluents so they can be reblended and reused pro- 
vides the opportunity to reduce significantly the production of virgin lube 
oil. Because the refining steps to produce lube oil from petroleum crude are 
energy-intensive processes, any reduction in the volume of lube oi] manufac- 
ture iS accompanied by a significant reduction in the energy required to 
produce it. For example, a Teknekron study for the Environmental Protection 
Agency showed a net savings of about 20,000 Btu per gallon of lube oil re- 
refined over production of the same amount of lube oil from crude, assuming 
in both cases that all products other than the produced lubes are burned as 


fuel. (1). 


1.3.1 Re-refining Waste Lube Oils 

The re-refiner uses the same unit processes, perhaps slightly altered, 
as the crude refiner. Re-refining is a less complex operation 
because (a) separation of hydrocarbons within a common boiling range 


is not made (having been done by the virgin lube refiner), thus reducing 


the number of operations to remove impurities and contaminants and 
(b) waste lube oils typically contain 70% to 90% recoverable lube oil. 
Hence, the total volume of oil handled per volume of product is much 


lower. 


Re-refining consists of three sequential processing steps: 


iG Light contaminants (gasoline and water) are removed by 
heating and flash off as an overhead product. 


as Heavy contaminants (decomposition and oxidation products, 
polymers, dirt and metallic particles) are removed. While 
many methods have been proposed to accomplish this separa- 
tion, the commercially proven processes are treating with 
sulfuric acid, vacuum distillation or extraction using 
propane. 


3s Finishing to improve color and oxidation stability by clay 
treating or by the newer process of hydrotreating (the 
catalytic addition of hydrogen). 
1.3.2 Available Technology 
Although many processes have been proposed for re-refining waste lube 
oils, only four processes appear to be practicable in that they have 
been commercially or experimentally proven. In the case of experimental 
concepts, these have been developed to the degree that a commercial 
plant could be built with confidence of success. These four processes 
are: 
Tk Acid/Clay Process. This is the most common process. At 
least 45 such plants are known to exist in Canada and the (2) 
U.S. Use of this process is widespread in Europe as well. 
This process is the oldest and is similar to the acid/clay- 
treating process which once was widely used in lube oil 


manufacture but which is now being supplanted by other methods 
in that industry. The basis of this process is adding 
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sulfuric acid which reacts with, dissolves or settles metal 
salts, asphaltics, aromatics, organic acids, polar compounds, 
dirt and metal particles to form a sludge which settles from 
the oil and is drawn off for disposal. 


Figure 1 is a detailed flow diagram for the Acid/Clay process. 
The process consists of heating the waste oi] to encourage 
any free water to settle. The waste oil is further heated to 
about 300° F. in order to vaporize the remaining water and 
any light oils such as gasoline. This mixture of liquid and 
vapor is charged to the flash tower where the vaporized 
(flashed) water and gasoline rise and are piped to a water- 
cooled heat exchanger. There they are condensed and the 
light oi1 is separated and recovered for use as plant fuel. 
The water-free waste 011 is treated with sulfuric acid which 
combines with suspended solids and other impurities to form 

a Sludge which is removed from the oil for disposal. The 
waste oi] is then heated and clay is added to remove any 
color bodies remaining after the acid treating. The mixture 
is finally cooled and the clay removed by filtration for 
disposal. The product remaining is the re-refined lube oil. 


Extraction/Acid/Clay Process. There are two Extraction/Acid/ 


Clay plants operating in Italy and one under construction in 
Yugoslavia. The basis for this process is the use of propane 
to extract the lube oil stock from the degraded products, 
contaminants and additives. The extracted lube oils are then 
treated with acid and clay as in the Acid/Clay process. The 
impurities removed from the extracted oi] are blended with 
fuel oi1 and disposed of as a high ash fuel oi]. 


Figure 2 is a detailed flow diagram for the Extraction/Acid/ 
Clay Process. The waste lube oil is dehydrated as described 

in the Acid/Clay process. The dehydrated oi] is then mixed 
with liquid propane and charged to an extraction tower opera- 
ting at about 600 psig. The propane containing the dissolved 
oil is taken off the top of the tower, while propane insoluble 
residues are drawn off the bottom. The pressure on the extrac- 
tion tower overhead stream is reduced to flash the propane, 
which is then reliquefied for reuse in the process. The 
extracted oil, free of propane, is sent to acid and clay 
treating as in the Acid/Clay process. The bottom stream is 
mixed with a small amount of fuel oi]. The pressure is reduced 
to flash (vaporize) the propane from the residue. The propane 
is liquefied for reuse. The residue can be used as a high ash 
fuel oil in selected services capable of handling the metallic 
impurities. 


Distillation/Clay Process. There are two plants in the United 


States using this process. The basis of this process is a 
combination of vacuum distillation to recover the lube oil 
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fraction from the waste oil, followed by clay treating for 
color improvement of the recovered oils. The suspended 
solids and other impurities are concentrated in the vacuum 
tower bottom stream. This material can be sold as a high 
ash fuel oil. 


Figure 3 is a detailed flow diagram for the Distillation/Clay 
Process. The waste oil is flash-dried as described in the 
Acid/Clay process. The waste oil is then cooled, mixed with 
light oi] and caustic, and charged to a centrifuge which 
removes precipitated solids as a sludge. The purpose of this 
step is to reduce corrosion and fouling in the following 
distillation steps. After centrifuging, the oil is charged 
to a distillation tower to recover and recycle the solvent. 
The oi] is then charged to a vacuum tower. The lube oils 

are separated as distillation products from the suspended 
solids, degraded products, additives and other impurities. 
These are removed as a tower bottoms product and can be used 
as a high ash fuel oil. 


If desired, the vacuum tower can produce varying grades of 
lube oils by extracting them from two or more locations 

(the Process Flow Diagram shows two side streams). These 
"side cuts" can have varying ranges of boiling points and 
viscosities. This option gives the re-refiner more flexi- 
bility in blending to meet different product specifications. 
The distillate lube oils are then treated with clay, cooled, 
filtered and sent to product storage. 


Distillation/Hydrotreating Process. Hydrotreating is a 
process used extensively for improving color and color stabil- 
ity in the manufacture of lube oils from petroleum. However, 
there is no plant in operation using this process for re- 
refining waste lube oils, although one is reported to be in 
the planning stage for location in Alberta. The basis of the 
process is the same as the Distillation/Clay process, except 
that the lube stocks are treated with hydrogen rather than 
clay. Hydrogen can either be purchased or manufactured at 
the re-refinery from steam and natural gas, using a small, 
self-contained, skid-mounted plant. 


Figure 4 is a detailed flow diagram for the Distillation/ 
Hydrotreating Process. The process is identical to the 
Distillation/Clay process through the vacuum distillation 
step. At this point the distillates from the vacuum tower 
are pumped to the hydrotreating unit where they are mixed 
with hydrogen, heated and charged to a catalyst-filled 
reactor. The effluent is cooled in the reactor and the 
unreacted hydrogen separated from the liquid lube oils 

and recycled. The treated lube oils are reheated to about 
500° F. and stripped with steam under a vacuum to remove 
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residual hydrogen and any oils boiling below the range of the 
lube oils. The conditions in the hydrotreater reactor typically 
are: temperature, 650° F.; pressure, 650 psig; catalyst volume, 
one volume of catalyst per hourly volume of lube oil charge; 

and a hydrogen recycle rate of 800 standard cubic feet per 
barrel of lube oil charge. 


1.4 Plant Design Assumptions 


1.4.1 Feed Composition 

Tidacouptedtion of waste lube oils can fluctuate widely, depending upon 
sources, frequency of oil change, severity of use, condition of engines, 
methods of collection and outside contamination by dirt and water. For 


this study, the feed composition was assumed to be: 


Volume 

Percent 
Water diluent 3.5% 
Gasoline diluent 5.0 
Diesel diluent 15 
Lube oils* 90.0 
Total 100.0% 


*Contains 1.5% noncombustibles 
This study recognizes that waste oils frequently contain a much higher 
water content. The assumption was made that high water values consist 
mainly of free water (i.e., not in the form of oil emulsions) and that 
excess water will settle out if given the opportunity. The plant provides 
two places for free-water settling: first in the feed storage tanks 
(about 30 days' storage) and second--after heating to about 250° F. on 
the way to dehydration--in a hot settler where the wet lube oil spends 
about one hour. Here free water and even water held in weak emulsions 
Should break free and settle out, leaving only tightly held water to be 


removed by vaporizing. 


1] 
cy 


1.4.2 Yields 

Yields for the four re-refining processes shown in the table below are 
based on information in "Waste 011 Recovery Practices, State of the 
Art", prepared for the State of Maryland Environmental Services and the 
(3) 


U.S. Environmental Protection Agency. 


Extraction/ Distillation/ Distillation/ 


Acid/Clay Acid/Clay Clay Hydrotreating 
On total feed 72.0% 83.257 76.0% 16.0% 
On lube o71 80.0% 92.50% 84.4% 84.4% 


fraction 


1.4.3 Chemical Consumption 
Amounts of chemicals used in the re-refining processes shown below are 
from the same study and are based on the lube oi1 content of the waste 
oil feed. 
@ 93% Sulfuric Acid 
Acid/Clay - 1.0 pound per Imperial gallon 
Extraction/Acid/Clay - 0.26 pounds per Imperial gallon 
8 Clay 
Acid/Clay - 0.50 pounds per Imperial gallon 
Extraction/Acid/Clay - 0.18 pounds per Imperial gallon 
Distillation/Clay- 0.15 pounds per Imperial gallon 
& Caustic 
Distillation/Clay - 0.08 pounds per Imperial gallon 
Distillation/Hydrotreating - 0.08 pounds per Imperial gallon 
& Propane 
Extraction/Acid/Clay - 0.08 pounds per Imperial gallon 
1.4.4 Plant On-Stream Factor 
The plant on-stream factor was assumed to be 90%. The plant operates at 


design capacity 90% of the time, or 330 days per year, which allows 35 


days per year to rerun off-specification product, shut down for mainte- 


nance, and cover unexpected losses in capacity. 


1.4.5 Plant Capacity 

The four process flow diagrams, Table 1.1 (Material Balance Summary), 

the utility summary (Section 1.11), and Table 1.5 (Energy Comparison) 

are all based on collecting 5.5 million Imperial gallons of waste lube 
Oils per year. At 90% operating factor, the daily feed is 16,666 Imperial 


gallons per on-stream day. 


Generally, the larger the plant capacity, the lower the costs of producing 
a unit of product. The converse is also true, and in very small plants 
the unit costs tend to skyrocket. Thus, capital and operating costs favor 
larger plants. The re-refiner has a counteracting cost in that to collect 
more waste oils, he has to extend his pickup area until eventually these 
costs exceed any savings due to economics of scale in plant design and 
operations. The capacity of 16,666 Imperial gallons per day of charge 

was selected in order to balance the unit production costs of plants 
operating 24 hours a day, 330 days per year, against the volume of waste 


Oils available at reasonable cost in a large metropolitan area. 


1.5 Material Balance 

Using the assumptions described above, material balances were developed 
for the four processes (refer to the material balance charts on each of 
the flow diagrams). The summary of these balances is shown on the 


Process flow diagram for each process and also in Table 1.1. 
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1.6 Equipment Sizing 


Equipment sizes shown on the various process flow diagrams were determined 
by applying industry-accepted chemical engineering design principals to 


satisfy the requirements of operating conditions and material balance. 


To cover the batch type of operations involved, the following assumptions 
were made in the Acid/Clay process: 
e The acid- and clay-treating equipment is sized so that each 


shift would start a batch of one-third of the daily charge. 
This requires three acid-treating and three clay-treating 


vessels. 

@ A fourth acid treater is installed to provide more flex- 
ibility in case an oil requires unusually severe treating 
conditions. 


9 The Acid/Clay treating schedule is: 
Action Hours 


Add acid and agitate 


Settle and draw sludge 10 - 2 
Transfer to clay treaters - 
Heat 


Steam strip 
Cool and add clay 
Filter 


rmPOMme le BO — 
] 
POM WA ML Pl 


Total Oh 3 


o1 
L©>) 


1.7 Offsites 

Offsites are facilities which are not part of the treating process but 
which are necessary to support the operation of the plant. These include 
boilers for steam generation, electrical connections, office, equipment 


shelters and a cooling tower. 


1.8 Tankage 


Tankage is needed to provide flexibility in plant operation and to cover 


16 a C> 


nonuniform delivery of raw feed and pickup of finished products. Tankage 


included in this study for the various processes is shown in Table 1.2. 


1.9 Waste Streams 
Quantities of waste products generated in the four processes are summarized 


in the table below: 
Extraction/ Distillation/ Distillation/ 


Acid/Clay _Acid/Clay Clay -Hydrotreating 

Acid sludge--Imperial 3,436 840 - - 
gallons per day 

Oi1 and clay mixture-- 7,920 3,220 22070 - 
pounds per day 

Centrifuge sludge-- - ~ 2,400 2,400 
pounds per day 

Process water-- Imperial be 330 1,510 1,970 2,/00 


gallons per day 
The acid sludge generated in the Acid/Clay and Extraction/Acid/Clay pro- 
cesses contains sulfuric acid, combustibles, lead, organometallics and 
other metals from the additives. Table 1.3 shows the composition of an 
atid Sludge. Very few detailed analyses of this sludge are available for 
comparison, so this table may or may not be typical. The volume of 
Sludge generated in a re-refining plant is generally much too small to 
be attractive economically for acid and metals recovery, so landfilling 


is the most common method of disposal. 


Oily clay is generated in all of the processes except Distillation/ 
Hydrotreating. Spent clay normally is disposed of as landfill. The 
following table shows the range of clay analyses for petroleum lube oil, 


which should be similar to re-refined lube oil clays. 
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TABLE 1.3 
ACID SLuDGE ANALYsts(1) 


WEIGHT PERCENT ANALYSIS: 


Diesel Crankcase 
Percent acid 47.50% 40.80% 
Ash sulfate 4.45% 11.26% 
Sul fur (9) 14.90% 14.10% 
Sulfur 1502 13.30% 
Combustibles 30.00% 42.00% 
ELEMENTAL ANALYSIS (PARTS PER MILLION): 
Cu 40 40- 
Al 40 140 
Fe 500 1,100 
Si 800 1,400 
Pb 1,100 20,000 
Ag 14 ii 
Zn 200 2,100 
Ba 400 1,300 
Cr 190 50 
Ca 12,600 6,400 
Na 200 4,000 
Pp 1,000 4,300 
B 40 50 
Ni 10 30 
Sn 38 30 
Mg 70 1,000 
TOTAL 17,139 41,940 
Sulfate ash'3) 5.35% 9.39% 
SOLUBLE IN WATER: 
Weight % 
Ash 4.2% 
Acid 27.0% 


INSOLUBLE _IN WATER: 


Ash 8.4% 
Acid (4) 1.6% 
Volatiles(s) 0.8% 
Lube oils 15.5% 
Polymers 15.6% 
Other polar 1.8% 
Asphaltenes and resins 24.4% 
TOTAL 99.3% 
DENSITY: 10 pounds/cubic feet 
pH: 440.3 
Viscosity SSU: 
WS25F, 4- 000-000 
KOSS SE. 457-000 
N25 ake 150-600 


(1) “Waste O11 Study", Report to the Congress authorized by Section 104(m) 
Public Law 92-500, April 1974. 

(2) Calculated from ° acid assuming H»S04. 

(3) Calculated from elemental analyses. 

(4) Naphthenes, paraffins, aromatics. 

(5) 150° C. at 1mm Ho: 
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Average Range 


Btu/pound 5 ,000 1,000 - 9,250 
Particle size--Sieve No. 170 30 - 300 

Volatile--weight percent 14.0% 0.0% - 55.0% 
Ash--weight percent 53.0% 0.0% - 99.8% 
Water--weight percent 8.0% 0.0% - 36.0% 
0il--weight percent 19.0% 1.0% - 45.0% 
pH By Ae) So Meee 


Centrifuged sludge is generated in the two distillation processes and 
can contain caustic, sodium silicate, lead and other metals and oil. 


Selected landfill is the most common disposal method. 


Process water sources are boiler blowdown, cooling tower blowdown, 
condensed process stripping steam and water decanted or flashed from 

the feed. In addition, there will be oily water runoff from paved areas 
during cleanup and rainstorms. When municipal treatment facilities are 
available, the re-refiner generally needs only to install oil-water 
separators and possibly neutralization facilities. If complete treat- 
ment prior to discharge is required, more sophisticated facilities are 
needea which can best be determined after selecting the process and 
identifying the contaminants which will appear in the wastewater. 

Table 1.4 is an analysis of process water taken at an Acid/Clay re- 
refining plant. There was some difficulty in obtaining the samples, and 
since there are no samples from other plants for comparison, it is not 


known whether these samples are typical or not. 


1.10 Other Waste Streams 
All the plants will occasionally produce a variety of other residues, 
such as tank-cleaning wastewater-treating sludges. These generally are 


disposed of with refuse or as landfill. 
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TABLE 1.4 
PROCESS WATER ANALYSIS 


ACID/CLAY RE-REFINER (1) 


Clay Contactor Cooling 
Overhead Receiver Tower _ Plant 
11:30 a.m. =12:30 p.m. Blowdown Discharge 
BOD mg/1 (2) 27 4.0 4.0 6.0 
COD mg/1 (3) 31 ,806(4) 16,943(4) * 43 792 
Oil mg/1 3.023(4) 3.629(4) 9 168 
Phenols mg/1 92(5) 84 4 89 
pH 6.0 6.1 6.5 4.] 
Nitrates mg/1 0.81(4) 0.64(4) N.1 0.25 
Total solids mg/1 959 2,250 180 493 
Dissolved solids mg/1 olf 93] Rie 483 
Suspended solids mg/1 394 401 7 A 
Emission Spectral survey 
"Strong" Fe,Mg Fe,Mg Mg,Ca Fe,Mg 
Ca,Na Ca,Na Na Ca 
"Medium" Si Si - Na 


(1) "Waste Oil Recycling and Disposal," National Environmental Research 
Center, Office of Research and Development, U.S. Environmental 
Protection Agency, Cincinnati, Ohio, Publication No. EPA-670/2-74- 
052, August 1974. 

(2) Biological oxygen demand. 

(3) Chemical oxygen demand. 

(4) Samples may have been contaminated with oil. 


(5) 150 gm/1 phenolic compounds reported by outside laboratory. 
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Air pollution should not be a major problem in any well-designed plant. 


Wall, Uthlatties 

Utility requirements, when charging 16,666 Imperial gallons per day of 
raw waste oil to each of the four processes, are shown below. The fuel 
requirement includes that required to produce steam in the plant boiler; 
the steam figure is shown only to indicate the average amount of steam 
generated. Makeup water supplies the process needs of the boiler and 
cooling tower and does not cover water used to clean up or hose down 

the work area. Natural gas is used in the Distillation/Hydrotreating 
process for feed and fuel for hydrogen manufacture. 


Extraction/ Distillation/ Distillation/ 


Acid/Clay Acid/Clay Clay Hydrotreating 

Power (kWh) 55 200 2) 80 
Steam--pounds/hour TALS 6,960 1,840 2,240 
Makeup water--Imperial B57 50 28 ,830 10,100 13,670 

gal lons/day 
Fue | 

Natural gas--standard - ~ ~ 42,000 

cubic feet/day 
Heaters and boilers-- 675 1,646 914 1]. 159 


Imperial gallons/day 


1.12 Energy Comparison 

The four re-refining processes have different fuel and power demands and 
different recoveries of feed as either finished lube oi] or high ash fuel. 
Table 1.5 compares total energy by combining the potential energy of feed, 
products and external energy. In this comparison the potential energy is 
the gross heat of combustion (high heating value) of the various streams. 
Diluent gasoline and diesel in the raw oil are excluded, as is diluent 


fuel for the extraction tower bottoms produced in the Extraction/Acid/Clay 
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TABLE 1.5 


ENERGY COMPARISON 
(16,666 Imperial Gallons Per Day) 


Extraction/ Distillation/ Distillation/ 


Acid/Clay Acid/Clay Clay Hydrotreating 
1. Re-refined oil, " 
Imperial gal./day 12,000 13,875 12,667 12,667 
---thousand Btu per hour--- 
2. Feed potential 106,080 106 ,080 106 ,080 106 ,080 
3. Product potential 85,200 98,510 89 ,800 89,570 
4. Fuel potential ~ 3,770 14,670 14,670 
5. Total recovered 85,200 102 ,280 104,470 104,240 
6. Potential lost 20,880 3,800 : 1,610 1,840 
7. Natural gas ~ - - 1,740 
8. Fuel 4,350 11,450 6,040 7,780 
9. Power 550 2,000 550 800 
10. Total consumed 45900 13,450 6,590 10,320 
11. Lost plus consumed 25,780 17,250 8,200 12,160 
---Btu per gallon of product--- 
12. Potential lost 41,760 6,570 3,050 3,490 
13. Consumed 9,800 23,240 12,490 19,550 
‘14. Lost plus consumed 51,560 29,840 15,540 23,040 
NOTES 
Item Number 
1. Re-refined oil--volume of product, Imperial gallons per day. 
2. Feed potential--potential energy in the lube oil fraction of the feed at 
169,700 Btu per Imperial gallon. 
3. Product potential--potential energy in the re-refined oi] products. Gross 
heating value of the product is: 
Btu_per Imperial gallon 
Acid/Clay 170,400 
Extraction/Acid/Clay 170,400 
Distillation/Clay 170,150 
Distillation/Hydrotreating 169,700 
4. Fuel potential. In the Extraction/Acid/Clay process, this is the gross 


heating value of the extraction tower residue which is in the high ash fuel 
product (excludes diluent). In the distillation processes, it is the gross 
heating value of the vacuum tower bottoms which is in the high ash fuel 
product. In the Acid/Clay process, the corresponding residual stream is 

in the acid sludge and is not recoverable as a fuel. 
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TABLE 1.5 
(continued) 


NOTES 

Item Number 

5. Total recovered. Total potential in product streams (total of lines 3 
plus 4). 

6. Potential lost. Potential energy in feed not recoverable in products 
(line 2 minus line 5). 

7. Natural gas. Natural gas used in the Distillation/Hydrotreating case for 
hydrogen manufacture. 

8. Fuel. Total fuel used in the process for process heaters and boiler 
steam generation. 

9. Power. Electric power converted from kWh to Btu/hour. The conversion 
factor is kWh times 10,000. This conversion factor is a rounded-off value 
of 3,415 Btu per kWh divided by the product of all the efficiencies in 
converting fuel at a power station. e 

10. Total consumed. Total external energy applied to the process (total of 
lines 7, 8 and 9). ; 

11. Lost plus consumed. Total potential energy lost between feed and products 
plus external energy (line 6 plus line 10). 

12. Potential lost. Potential energy lost between feed and products expressed 
as Btu per Imperial gallon on re-refined product (line 6 times 24 hours per 
day divided by line 1). 

13. Consumed. Energy consumed by the process expressed as Btu per Imperial 
gallon of product (line 10 times 24 divided by line 1). 

14. Lost plus consumed. Total potential energy lost between feed and products 
plus external energy expressed as Btu per Imperial gallon of product (line 
11 times 24 divided by line 1; also, line 12 plus line 13). 


Several interesting comparisons show up in Table 1.5. Line 5 shows that the 
recovery of potential energy in the Extraction/Acid/Clay, Distillation/Clay 
and Distillation/Hydrotreating processes is quite high (96.4%, 98.5% and 98.3%) 
compared to the Acid/Clay process (80.3%) because of its high loss to sludge. 
The converse of this appears in line 6. ; 


Line 10 shows that the Acid/Clay process has the lowest external energy require- 
ment; and the highest is in the Extraction/Acid/Clay process, with the two 
Distillation processes in between. The totals of potential lost, plus external 
energy (line 11), favor the Distillation/Clay process. The Acid/Clay process 

is the most unfavorable. 


Lines 12, 13 and 14 express these same conclusions on the basis of a gallon of 
product lube oi]. Even though the Acid/Clay process has the lowest external 
energy input, it has the highest total loss when considering the potential 
energy loss of material not appearing as a product. The Distillation/Clay 
process is the most attractive when compared on this basis. 
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Process. This exclusion does not affect the results, since the streams 


either pass in or out unchanged or are counted as fuel consumed. 


1.13 Product Comparison 


Starting with a common waste oil feed, the four processes would produce 
re-refined lube oils of slightly different physical characteristics 
because of the different treating steps employed. As outlined earlier, 
lube oils generally are composed of mixtures of "neutrals" and "bright 
stocks." The primary petroleum re-refining step is vacuum distillation. 
In this step the neutrals are distillate cuts--i.e., they have been 
vaporized and recondensed. The boiling range of the bright stocks is 

So high that they do not distill in the vacuum tower and are recovered 
by extraction from the nonvaporized vacuum tower bottoms. Neutrals pro- 
duced from the same crude would have a lower boiling range, lower specific 
gravity (higher °API) and lower viscosity than the corresponding bright 


stocks. 


The Acid/Clay and Extraction/Acid/Clay processes generally recover lube 
Ooi] neutrals and bright stocks in proportion to their mixture in the raw 
oil. The two distillation processes would recover only the neutrals, 
Since the bright stocks would not vaporize and would end up in the high 
ash fuel. In addition, hydrotreating adds hydrogen to the oils, thus 
Slightly reducing the specific gravity. The following table shows how 
the specific gravities and viscosities could be expected to vary for the 


four processes when treating a common waste lube oi]. 
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Extraction/ Distillation/ Distillation/ 


Acid/Clay Acid/Clay Clay Hydrotreating 
Specific Gravity 
ogpy (1) 28.9 28.9 29.3 30.0 
Viscosity (2) 
100° F.--SUS 462.0 462.0 370.0 370.0 
Centistokes (2) 100.0 100.0 80.0 80.0 
210° F.--SUS 60.0 60.0 5675 56.5 
Centistokes 10.3 LOes 9.4 9.4 
(1) °API--measure of specific gravity at 60° F.: 
Specitic gravicy 60 “F./00 Fo "= 141.5 
Peel Tet ot co 


(2) SUS--viscosity measurement, Saybolt Universal Seconds 


All four processes should adequately remove contaminants so that the 
recovered lube oils will satisfy color, chemical stability and viscosity 
specifications equivalent to those for virgin lube oils. Any waste oi] 
contaminant or lube 011 additive (dispersants, viscosity index improvers, 
etc.) passing through the treating steps must have physical and chemical 
properties similar to lube 011. To pass through the Acid/Clay process, 
it must be nonreactive to sulfuric acid and not absorbed by clay. In 
addition, it must be propane-soluble in the Extraction/Acid/Clay process. 
To pass through the Distillation/Clay process, a compound should hive a 
boiling range of between 650° F. and 1,000° F. and be inert to the attrac- 
tions of clay. In the Distillation/Hydrotreating process, the compound 
should have the same boiling range and not be reacted by high-pressure 
hydrogen. Most additives would fail to meet all of these combinations 

or requirements and can be expected to be rejected by the treating pro- 
cesses. However, because of the increasing amounts and changing composi- 


tions of lube 011 additives, and because of the lack of any publications 


specific to this subject, there is some uncertainty about the amounts of 


any additive remaining in the re-refined oi]. The question is whether 
enough remains to affect adversely the performance of the lube oil after 
blending with other lube stocks and new additives. When testing plant 
products, it should be ascertained whether carry-through of any additive 


requires further study or plant modifications. 


1.14 Technical Comparison 


The advantages and disadvantages of the four Processes are summarized in 
Table 1.6. The unit operations of solvent extraction, vacuum distillation 
and hydrotreating are all sensitive operations. Adjustments in process 
conditions must be made slowly and in small increments to assure contin- 
uous specification performance. Considering this, the Extraction/Acid/ 
Clay, Distillation/Clay and Distillation/Hydrotreating processes al] 
operate at the highest on-stream efficiency 24 hours a day, seven days 

a week. If operated on a five-day week, some time (in addition to the 
two off days) would be lost in Starting up, arriving at steady on- 
specification operating conditions, and in Shutting down. Hence, the 
derated capacity of a five-day week would be something less than the 


rapiororTe 5° to 73 


Because the Acid/Clay process is a series of batch operations, it can be 
Started up and shut down with little effect on efficiency. Thus there 
is a distinct advantage to the Acid/Clay process if the plant has to 

run at very low capacities, since it could easily turn down to a five- 
day week or even to less than 24-hour days and still maintain capacity 


essentially proportional to on-stream time. 
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TABLE 1.6 
COMPARISON OF RE-REFINING ALTERNATIVES 


Extraction 


Distillation/ Distillation/ 


Acid/Clay Acid/Clay Clay Hydrotreating 
1. Lube yield lowest highest medium medium 
2. Bright stocks recovered recovered lost lost 
3... Utilities lowest highest low high 
4. Overall energy highest high lowest medium 
5. Hazardous chemicals sulfuric sulfuric 

acid acid caustic caustic 
Waste Streams 
6. Acid sludge most some none none 
To mOrly clay most ~ some some none 
8. Caustic sludge none none some some 
9. Process water lowest low medium highest 
Disc 
NOTES 


Item Number 
le 


Lube yield. The yield of lube oil in the Acid/Clay process is the lowest 
because of losses to the acid sludge. The two distillation processes do 
not recover bright stocks, and this is reflected in their medium lube oil 
recovery. By recovering bright stocks and reducing acid sludge losses 
(compared to Acid/Clay), the Extraction/Acid/Clay process shows the nisheet 
yield of lube oi] (see also table in Section 1.4.2). 

The table shows that bright stocks are recovered only in 
the Acid/Clay and Extraction/Acid/Clay processes. These two processes 
would be favored in the unusual situation where waste lubes contained 
extremely high proportions of bright stocks. 

Total external energy (power plus fuel) is lowest for the 
Acid/Clay process and highest for the Extraction/Acid/Clay process (see 


This is line 11 plus line 14 in Table 1.5 which is the 
total of external energy (utilities) plus potential energy lost in non- 


2. Bright stocks. 
ae Gur iLies . 
Table 1.5): 
4. Overall energy. 
recovered lube oils. 
5. Hazardous chemicals. 


In the Acid/Clay and Extraction/Acid/Clay processes, 
tne operators are exposed to the risk of handling sulfuric acid and the 
resulting acid sludge. In the two distillation processes, the operators 
are exposed to caustic and caustic sludge. All four processes expose the 
operators to possible chemical burns. The Acid/Clay process has the 
largest quantity of acid and sludge to handle, but the extra danger is 
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TABLE 1.6 
(continued) 


NOTES 

Item Number 
marginal--careless operation or equipment failure with a small amount 
of acid can be just as serious as with a large amount. 

6. Acid sludge. Acid sludge generated from the acid treating. See table 
in Section 1.9 for amounts. 

7. Oily clay. Oily clay removed from filters. This material is not hazardous 
except it may be hot (see table in section 1.9 for amounts). 

8. Caustic sludge. Caustic sludge generated in the naphtha-caustic centri- 
fuging of the dehydrated lube oil in the two distillation processes (see 
table in Section 1.9 for amounts). 

9. Process water. Water generated in the treating sections, not including’ 
surface runoff (see table in Section 1.9 for amounts). 
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1.15 Industrial Oi] 

The preceding Sections 1.3 through 1.14 dealt with re-refining waste 
lubricating oils collected from automotive gasoline and diesel engines. 
Used industrial oils are a second major source of feedstock for re- 


refining. Falling under this general heading are cutting oils, turbine 


oils, compressor oils, gear lubricants, insulating oils, rolling oils 


and hydraulic oils. 


In order to specify the type of processing necessary to re-refine 
industrial oils, it is essential to compare this source of feedstock 
to waste automotive oils. 


% Since the industrial operator will be more careful of the 
lubricating system of his $200,000 machine than the average 
car owner of his engine, waste industrial oils usually 
contain fewer degradation products and less dirt than auto- 
motive crankcase oils. 


e Waste industrial oils are segregated by type of service, 
reclaimed separately and returned to their original service; 
waste automotive oil is a mixture of all kinds and sources 
Of O01 


) Substantially all of the additives remaining in the auto- 
motive waste lubes must be removed during re-refining in 
order that the "additive response" of the re-refined product 
will closely approximate that of virgin oil. In contrast, 
since industrial oils are returned to their original service, 
the retention of unused additives is not a cause for concern 
and may, in fact, be an advantage. 


8 Industrial oils are free of lead, thus, in general, industrial 
oil re-refining does not employ processes as severe and complex 
as described previously for automotive waste oils. In some 
cases recycling of industrial oils may be as simple as filter- 
ing out solid particles. This could be done at the point of 
use. 


When industrial oils are re-refined commercially, the process frequently 


consists of removing water and light petroleum fractions boiling and 


treating with clay at elevated temperatures followed by cooling and 
filtering. Figure 5 shows such a treating process. The industrial oi] 
user segregates his oils by type of service. The used oils are collected 
by the re-refiner in tank truck or drum lots. The re-refiner processes 
the oils in batches (usually 400 gallon minimum). As shown in Figure 5, 
the oi] is first pumped to a mixing tank where clay is added. The clay 
and oi] mixture is then sent to a treater. The oil is Pirentate through 
a heater to boil off any water and light petroleum fractions and then 
heated to the temperature required for the clay treating. The oil and 
clay are then sent to the filter feed tank, thereby, freeing the treater 
to accept another batch. From the filter feed tank the oil is cooled, 
filtered, further cooled, filtered again and sent to the product tanks 
where it may be air blown if the product has to pass a dryness test. 
The second filter acts as a guard in case of clay leakage through the 
first filter. If additives are required in the re-refined oi] they can 
be added after the final filter. The yield of re-refined oi] in this 
process is usually about 90%. Approximate utility and chemical consump- 
tions per imperial gallon of product (excludes drum cleaning) are: 

8 Fuel: 4,500 Btu 

e Power: 0.15 KW 

e Clay: 0.35 pounds 
After treating the oil, re-refined oil is returned to the original owner, 
completing the closed cycle. Drums used for shipping waste oil are 
cleaned by the re-refiner before use in the returning of the re-refined 


Oil. 
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1.16 Antifreeze 

The most common antifreeze used in automobile engine cooling systems 

is a mixture of ethylene glycol and water. The proportions vary depend- 
ing on the freeze protection desired: a 50-50 volume mixture has a 
freezing point of about -35° F. Antifreeze available to car owners 


usually contains additives to prevent frothing and rust formation. 


As the antifreeze solution is used it may become so dirty with rust and 
other contaminants that it loses its effectiveness as an engine coolant. 
Then the car owners drain and discard the old solution, flush out the 

cooling system and add fresh water and glycol. This replacement can be 
done at service stations, or the car owner can do it at home using kits 


sold by the glycol manufacturers. 


The main contaminants in used antifreeze are rust particles, organic 
acids and other degradation products, oi] and dirt. Figure 6 shows a 
process which is designed to recover glycol from such mixtures. The 
process consists of neutralizing any free acid content, filtering out 
any dirt, rust or precipitated sludge, followed by a two stage distilla- 
tion. The ethylene glycol is extracted by removing water and volatile 
Oils in the first stage followed by a second stage that removes the 

less volatile contaminants. A preliminary study indicates that the 
energy requirement of this process is in the range of 25,000 Btu per 


Imperial gallon of glycol recovered, refer to Figure 6. 


Since most drivers service their cooling system in anticipation of 


winter driving, much of the waste antifreeze is produced in the late 
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Summer and early fall. The seasonal nature of this production is a 
problem which would have to be resolved in the design of a commercial 
plant. A decision to install a large storage capacity to average out 

the daily capacity of a small plant, or to install less storage capacity 
with a larger reclaiming plant which might operate only part of the year, 
would have to be made. In either case the Seasonal nature of waste 
antifreeze availability could make either alternative uneconomical unless 
other uses could be found for the Process equipment during periods when 
feedstock is unavailable. Collecting the volumes of waste antifreeze 

to make recycling worthwhile may be a problem since it is so easy for 

a service station or car owner to drain the old Solution down a sewer 

or onto the ground. Service stations would probably cooperate if storage 
facilities were provided, but an educational program would be necessary 


to get the average car owner to save his drained antifreeze. 


Recycling waste antifreeze seems to be technically feasible. However, 

no commercial units are known to be in operation. Should there be a 
continuing interest in this field, the next step would be to assess the 
potential market and at the same time perform some preliminary laboratory 


Studies to identify the contaminants and verify the recovery process. 
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2. RE-REFINING PRODUCT COST AND QUALITY 


2.1 Introduction 

This chapter is divided into two distinct segments. The first 
segment, consisting of Sections 2.2 to 2.5, focuses on the economic 
aspects of the re-refining process: Section 2.6 contains an assess- 
ment of the quality of commercially available re-refined oil pro- 
duced using the re-refining processes under consideration within 


this study. 


The first segment, dealing with the economics of re-refining, has 
three major objectives: 


@ To provide cost and profit analyses to individuals or 
firms who may wish to consider an investment in a re- 
refining process. The analysis provides estimates of 
costs and profits for each of the four major types of 
re-refining processes and assesses the risks and bene- 
fits of alternatives in the design and size of facili- 
ties. An analysis of the sensitivity of costs and 
profits to changes in the values of key operating 
parameters is also provided. 


@ To provide detailed economic analyses to individuals 
within the government. This information will be used 
to balance the "profit motive" with issues of national 
interest, such as environmental effects and use of 
scarce resources, in assessing the desirability of 
alternative methods for waste oil utilization. 


@ To provide a consistent methodology for use in asses- 


Sing the economic feasibility of alternatives in design 
and operation of re-refining facilities. 


The first segment of this chapter is divided into four sections: 
@ Methodology of Analysis 


A number of alternative methodologies historically 
have been used in assessing the economic viability of 
potential investments. The methodology used within 
this study provides an “internal rate of return to the 
investors after tax." 


Bf 
cn 
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@ Major Input Data and Assumptions 
Within this section the major fixed and variable cost 
components for the investment cases being considered 
are described. The description provides details of 
the assumptions and calculations used to develop the 
input data. 
e Analysis of Base Cases and Major Variants 
In order to reflect a range of processes and plant sizes, 
fifteen base cases were evaluated. Analyses of variants 
to these 15 base cases are also included. The variant 
cases consider changes in cost of waste oi] feedstock, 
changes in price of re-refined base stocks, contingency 
increases in investment capital, decreases in capa- 
city of operation, and variations in allowable deprecia- 
tion rates. 
e Ranking of Process Designs and Operation Variants 
Based on the preceding analysis, processes are ranked 
according to expected return on investment considering 
variations in process design and operation. 
The last portion of the economic evaluation considers blending of 
lubricant additives with the base product produced in the re-refining 
process under study. The objective here is to evaluate the impact 


on profitability of selling compounded lube oils to final users. 


The last segment of this chapter is devoted to the assessment of the 
quality of base oils produced by waste oil re-refining. Samples of 
waste oil feedstocks and finished base oils were obtained from a number 
of existing re-refineries, reflecting the spectrum of technologies 
analyzed within this study. Standard physical and chemical tests 

were performed on each sample in order to evaluate product quality. 

A comparison is made between the quality of the re-refined oils and 


commercially available virgin base stocks. 


38 CQ 


2.2 Methodology of Assessment 


The methodology used within this study utilizes a time-related 
discounted case flow analysis producing an internal rate of return 
after tax. The annual costs and revenues for the entire life of 

the project from the start of construction to termination were 
modeled for each investment case, including the appropriate depre- 

- ciation and tax effects, taking into account the influence of time 

on the annual flow of funds. This process both provides the most 
accurate means for calculating the potential rate of return, and 
allows for simulation of the effect of variations in plant design and 


operation on the rate of return. 


Although a number of methods are used to evaluate thetdes eerie 
of a potential investment, each method falls into one of five cate- 
gories. The five investment analysis schemes commonly used are 
indicated below: 


1. The ratio of prospective average annual profit after depreciation 
to original investment is sometimes alleged to be the prospective 
rate of return on investment. Often this is referred to as the 
“original book" method. 


2. The ratio of prospective average annual profit after deprecia- 
tion to the average book value is also sometimes alleged to be 
the prospective rate of return on investment. Often this is 
referred to as the "average book" method. (In many instances, 
it gives a figure for rate of return that is double the figure 

- given by the “original book" method. ) 


3. The figures for prospective profit after depreciation for each 
year are divided by the prospective book value figures for the 
start of the respective year. This division gives a series of 
ratios that are alleged to be a year-by-year prospective rate 
of return. Conceivably, these rates might be averaged to give 
an overall figure for rate of return. 


2 rN 


4. The average annual operating costs, including a depreciation 
allowance, are divided by the number of units of production. 
This average cost per unit is compared to the average sale 
price to provide a percentage return figure. This method 
does not accurately account for the original capital invest- 
ment and does not appropriately reflect the purpose of deprecia- 
tion. 


5. The internal rate of return after tax method used within this 
study is a year-by-year modeling of actual costs and revenues, 
including taxes and depreciation allowances. The rate of 
return is then calculated to be that at which funds could be 
invested at a financial institution and draw down yearly 
for a given period of time, leaving a zero balance at 
the end of the evaluation period. As an example, if one were 
to invest $100 in a bank and withdraw $30 at the end of each year, 
leaving a zero balance at the end of the fourth year, $120 
would have been collected (if the bank were providing a 7.4% 
annual interest rate). The simplified calculation for this 
example is provided in Table 2.1 on the following page. 


Both depreciation allowances and income tax rates affect the profit- 
ability of potential investments. A simplified example using amounts 
similar to those used in the previous example is provided in Table 2.2. 
However, in this case effective depreciation and a tax rate are 
included in the analysis. In the example, it is assumed that the 
$100 investment is made in machinery that will increase profits $30 
per year before taxes, and that there is an allowable depreciation 
rate of $25 per year. The assumed tax rate is 50% on taxable income. 
As can be seen from the example in Table 2.2, the depreciation 
allowance shields the profits from taxes and thereby increases 

the amount of internal cash flow after tax. The investor then has 
the opportunity to reinvest his funds in a duplicate piece of 
machinery to make up for obsolescence or assumed wear or in some 
other enterprise which might provide a more attractive return on 


investment. 
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The rate of return on an investment either in a bank, as in the 
first example, or in machinery, as in the second example, shows 

a value of 7.4% as compared to 3.96%. On a preliminary basis this 
indicates the investment in the bank is the preferred alternative. 
However, a 50% tax rate applied to the profits from the banking 
investment each year would make the internal rate of return after 
taxes nearly equal to that realized on the investment in machinery. 
Other factors would then be included in this example investment 
decision, such as "security and risk." It is quite certain that 
the rate of return from the bank is relatively reliable. In con- 
trast, the profits from an investment in machinery could either 


be greater or less than anticipated in the evaluation. 


2.3 Major Input Data and Assumptions 


Within this section, the fixed and variable cost components for 
the four re-refinery cases are discussed. All calculations and 
assumptions are described to provide a complete understanding of 
the basis for each case to individuals contemplating investment, 
as well as to individuals within the government responsible for 


policy decisions. 


The first phase of the economic analysis was a "Screening process." 
Internal rate of return calculations were made for each of the tech- 
nologies. The most promising combinations of capacity and technology 
were then reviewed in much greater detail in the second phase of 


economic analysis. 
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Based on preliminary calculations, the plant sizes utilized in the 
study were those assessed to be approximately at the "break-even 
points" of profitability. Initially, ten base cases were processed. 
Each of the ten cases had 27 separate inputs, or exogenous variables, 
as described in Table 2.3 on the following page. Cases 1 through 4 
were based on the flow diagrams in Chapter 1. Each of these four 
cases requires 5.5 million gallons of waste lubricating 011 feedstock 
in order to obtain the desired annual capacity of operation. Cases 5 
through 8 represent smaller sized re-refining plants requiring approxi- 
mately 3.5 million gallons of waste lubricating 011 feedstock to main- 
tain the desired annual capacity of operation. It will be noted that 
the payroll for Cases 1 through 8 remains the same. This is because 
the same size crew would be required for each case to maintain a 
24-hour-a-day, seven-day-a-week operation. Two additional cases were 
run (Cases 9 and 10) assuming a reduced crew size for a five-day-a- 


week operation rather than a seven-day-a-week operation. 


In Cases |] through 8 it was assumed that the re-refinery operates at 
full capacity for 330 days each year. This allows approximately 35 
days for shutdown and repair annually and represents an annual 
capacity factor of 90%. The 250-day-a-year operation assumes a plant 
utilization of five days a week, with ten days of shutdown time during 
normal operating time, in addition to weekends, for repairs. This 
represents an annual capacity factor of 68.5%. Both of these capacity 
factors are felt to be conservative, since most modern crude oil 
refineries historically have been available for operation with a 


capacity factor in excess of 95%. 


44 © 


“UO}IdNAYSUOD yo ueak 

Yea OJU} JNd pue om. AQ papsatp aue $3509 Juetd [202 ay ‘auojsasayy Apawnsse aue YOPJINAZSUOD 40 S4eaA OME *,LPUANOLE Sey pUe {}0, 242 Us poaust and 

pue UOS{sy °1 °M Aq Pasedasd ,sard;puy 380) Gutujsay,, pazjwaz, Buysn Aq SL6L LLPS 02 pagetersa pue *uaddog Juaquay Aq pazipa wSanbtuyda, Butsaauj6u3 

-350) Us9POH,, WO4S POULeIGO a4aM Sad,4d YUaudinbda LeNPALPUT *3SOD Quetd patlLezsus ayz ye aApuse 03 40jde} Buppeos Aq payidiainw uayy sem 18202 siu 

“Quawdynba sofew 40 3S02 1302 e@ arnpoud 03 we4be1q Moly ssad04g 343 UO UMOYS JUsUd}Nba JO waz} Yea JO 3509 ayy Bupzewsy3sa Aq pautwiajap sem ssardoud 
YI@e 40} YSOD Queld ay, *Saay yUawaundoud pue bujuseujbua sapnyou, queld JO 3sod pallezsuy “SZ6L 20 LLEJS SYR UL dnquezs soy pauueld yueld $S3304g "ft 


(snouabox3) ynduj 4ajndwoy yO uaquay wary 


StOLIYd 180) ONINIVIdX3 S3LON 


l2 ra rat 2t 2t et Zl ra ral zt Zl 9324 Ysauaquy quarduag (2 
92 04 04 < ‘02 0L OZ 04 0L 0L 01 PaMOs40g [eI;de> yO YUaruag 92 
&2 ool oot Ont Oot oot ool ool OOL ool oleh 9304 UOLJELIIIdAP YUuadsag 62 
v2 il 81 ? = Ol : 02 ~~ SOMUSAST TIN FOSTT pz 
£2 - - 5 85 22 : 26 26 SE : Senuanas [ans yse YStH €2 
22 9e 9 02 025 025 SZ 025 025 02S S2b Ltoskeg 22 
12 lO mentees Olio. att $3803 BU ani Te 


LRsodsjp aqysem Q2 
aurcoug 6{ 

Rey eT 
PlLoe DStunying ¢t 
cokin ty eed 
4A9QIND Ppue jens G1 
4OmMOd bl 
9Seq 02 O13 P4--AJ1DedeD YUarIaAY fl 


OOO" L) ALES [tO poystuTy [envoy 2] 


; lc 12 Ud id \Z 2 da tZ id (vol te6 Leraadwy/>) ariud {to paysiury |] 
ot 229°2 L91°b eof pip’ plb°é plo°e 005‘S 005‘ 005° 00S°S SuUO{ Le QOO'L) Peasy {10 aIseM [eNULy OL 
6 gt Bl 8. 81 8 81 8 Bl cael aoe it VOT [eb [epsedw] 75) StsOs Tyo 3ys0m 
8 09 a LOL 86 v0 08 201 rent LOL 18 L@31ded Supxsom g 
I rl $22 2vt Zbl \St Zbl S22 G22 Obe S22 $S9904d UL SLeLuaqeW 7 
9 Ciutat aS. Fees QUI 16 Sol Ya eA (1) ana aEna “7 a Ss leg iat ieads Slee ka 
S 98 98 Syl Spl Spl 9LL Spl Stl Sbl 9tt Gupuyesy pue Buyginuray 
002 002 0v2 002 002 002 002 002 002 - 002 YO}ZINAZSUOD Husunp uoLIeuyzstuiupy 
€ COL OOt oul 00 oot Oot OOT Oot oro 0OT JUSUGOTSATP PUR Pury Ee 
2 095 COL 68S 6€S stg 99S Sb 899 6£0°L 002 $9315330 2 
t Zy0° 9p l event dog 62° t 2v0*t Brest G0e*t G60°2 v9p'l _ quetd ssad0ug | 
ome —M PRO —N PO —“ wom —wonm —WMa Sy —WwOon —WOonm —WwMa —Ww Pon 8 ad 
oe Own @& Ar Caley Oty — b& Sia Cox s SOO [Oy COs ee) oy SOL Re ces Oe 3A oe 
3 as) Una we sos Sa wet sont, Oey Ty ae hee a ee a°S5R alan a 3 
= Se oe ime rite: Le se ONS. VES o mi hole ales GSS SShE AS co, OME i = = 
‘4 Su* 3=*< S22 Bik S2Ss o.* S25. S22. S258 Ser ° 4 
3 of on ovo ono on™ on ono oO ooo omo™ on ] a 

= a os [ae | ao D> ao os os o > oa 
us ns nI> nt> nNIO pale aap FOS Mt SS nNIO0 ns 
a 2s tJ es peta Hai oa ys ites Ca e® erent oe 
Peed Apes aoa p Ast os pd ac Hideo d Cae awe p aek 
3 - = 3 ee Bs, 
co [ov] co a 
3 “< st “< 
a) oO 
a o 
Lae S 
2 2 


HONOYHL SV) uy 
SNOILdWASSY 3S¥) 3S5V8 JO AUYWNNS 


=—_ 


€°2 J18VL 


45 


“45°89 = S9E/0S2 $0 40qDe} AZpOeded e SqUasaidau ‘siseq ALUPaA e UO 40 fased aseq BY} 40 Z/°S/ = OEE/0S2 St 
uotqeuado weak e skep ose ‘aidwexa ue se ‘auojauayy, ‘uolqeuado ura e skep OEE aq 0} pounsse st ased aseq yl “ased aseq 247 OF Of3eU eB Se Ayyoede) et 


“PLOS [LO paystuLy yo uoLzONpoud jenuuy “2 


“9ZLWLISA BALPeAUASUOD e SL PLZ ‘A4Oyauayy SuayBiy ALYBL[S aue sadtud Juauund Ysow ay, ‘aunbty sty azew 
-ixoudde Ajasot> opuequQ ur (9/61 Asenuer pue S/6, saquiadeq) syjzUOW [euaAas ysed ay 40} [LO Burzedtuqn, yo Suapuatq Aq plied sadtud yO MaLAau Juasuny 


auueg/(uerpeue)) Leb SE/6 ve 
1L°0$ = 20° L[e$ + (Lassea/(-SA)ieb 2p)(sztty(Zp'0)] 
"ARLLOP "S'N OO'L OF 4RLLOP ueLpeue) EQ" | 40 23e4 ahueYyrxzZ “p 
"Be wozt JO 2G°2, St Aynp Juodwy *9 
*[auueq e Z2$ SL UdLiJeJOdSUP4Z 4aZeM YO 4S0) “g 
“d/p SL Sexa, ut uoleb “S*p e 40 adtud burtt{as -e 
*ppeue) *OlueqUD UL 4909S aSeq [LO aqn{ 40 UOL {eH LeLuadwy ue yo adtud Bult{as “tL 


*siseq Ajueah e uo pawnsse {10 a3Ssem yo Aiddns "OL 
“SLSeq JO} GL Wayt vag “siseq Aup ‘uol[eb {eluadwy uad 9g, 2e 4S09 [10 azSsemM °6 

*xajdwod ssa_ pue sattews A,qesappsuod st yoafoud siyz yeuy pulw UL Butdaay ‘suolzesoduo0d sofew 40s SALpNys Juadau fHutuedaud 

UL PaSN SANLeA YIM YUaZStSUOD aue |AOge pasn SaneA ayy *939 ‘JaxueW pue paay JO BdUeINSSe ‘ZLUN aYz 40 Ayixatdwod ‘saduasajaud pue Aydosoiiud 
Hurzp_ezides ,Suaumo *2defoud ay. 4O aZLs pue azis Aq pazIayye Jue pue saUljsou 02 ABUL Jou WOU Aiqeuaptsuod Aven g yhnosy p swazt 30 $3509 Syl -3LON 
*saitddns pue sarzti{t3n yo 3509 yyuow auo snid {Loused yo syjUOW OM} Sawnsse jeqided Bulys0MmM “gE 


“LIN gLeYy aue syuez 
qonpoud pue paay Bujwinsse st 3509 spy. wos Spseg ‘Sz,UN sSad04d ay} pue abeyuez UL SzINpoO‘d pue pads {10 3}ZSEM JO 3S0D 4BAOD Ssad0ud US SLeLyaIeW “L 


*(4azeM pue [any ‘uamod) saiqetLan snid [Louked ,syjzuow om} se usxez 
SPM 4S0} °33a ‘swalqoud yuaudynba ‘aouajuadxaut 4oqeuado 03 anp MOL aq Aew uoLQonpoad uaym potsad Burzeuado queid LerziuL ayy epniouy s3s0d dnzueqy =*9 


*Burqinudau soy | ,ouked s,yquow auo yo aduemol[e ue snid ‘Burutes, soy dnqueqzs 03 soLrad quejd ayz ye 337s Buiqzeuado 40 syqUOW 
OM} SapN{dUL azewLysa 3S09 ay, ‘“JUeLd ayy so azEs pue-AZLxa[dwod ay YIIM SalueA Jueld Mau e UOJ S4OZeUadO 40 BuLureuy, ‘“Hupureuq pue burqinudsay “s 


000‘001$ [eIoL 
000‘ 0€ zUad 991540 
000‘OL Aaeqasoas , 
000‘SZ 4waau,6uj 
000'SE $ dabeuey 


sapnypduy S$3zSOD Lenuuy -potuad uoLzNuZSUOD pue BuLsaauLbua ‘HuLuUeld ueaf-omM}Z e& SaUNSsy “UOLZIN4ZSUOD BULANP s3SOD SALZe4ZSLULWIPY *y 


“UOLZINAYSUOD 3O “weak 3S4Ly BYI UE PauuNdUL aq 0} pauNsse [Le aue $7S09 ‘SUOLJeUedaud LeNsNUN 4aY4IO UO SUOLJINAZSqGO PuNosb4apuN 40 | eACWAS 
*Burgselq uaaod you saop azewizsa 4809 ‘321s Burpting jara, Ajqeuoseas e auwnsse pue BHurduay pue pue, JO adtud 4aA0d S3s09 JUaWdO|SsAap pue puke] “E 


*{ wazt UL Se SURaA UOLZINUYSUOD OZUL passadoud Bue $}S0J ‘“papniduL sue 
SOLZLLLIeJ SALZLppe uo BurHheyded ‘Hurpuarq oN “syde4 Burpeo, aydurs pue ledtuqzoaya ‘sualtoq ‘abeyuez ‘sburp_ing sapn[IUuL Saz1SjsO JO 9SOD PalLesuy °Z 


(snouabox3) ynduy sazndwo) yo saquny war] 
SYOLIV4 1LSOD ONINIV1dX3 S3LON 
(panut3uos) 


€°2 31avL 


46 


*QWLJUBAO PalNpaydsun [euoLsed20 Os ZO, pue JUaWass3au puUe 


soueUNsuy 403 BGZ SPNtIUy Sazes AjunoH *Aep AraAa ¥D019 aY2 punose yytys e UO UeW |auO AaPLAOId 0} paitnbas ase SUOSUad aALJ--SUOL}eDeA pUe sfept [OU 


“SARI, AILS 4OJ J4O WL Ssaj-- 


OOM sad SPSLYS DALY Sy4OM UOSUad YDRa adULS ‘uPak vad skep g9¢ ‘Aep uad sunoy pz suoiqeuado queid warn0d suayxsOM 341US 


000‘Sz2t$ Le20L 
000*SI Jasoge, Keg 
000‘OL Kaezauras 
000‘02 ueLdpuyra A107 e409e7 
000 ‘02 quequnodoy 
000°S2 Jaaut6u3 
O000*SE $ sab euey 
*JO YSLSUOD SUdxAOM AEG *SUayx4OM YyLYS sN{d S4ayxs0m Kep 4Oy [e302 LeNUUyY -[LO4heg -22 
OSL‘ O0L$ {2304 
0S/°S1 "@ $0 YSE.*Sdtyauaq ahutuy 
000‘ Or “2 30 406 ‘peausaag 
000°Sb $ 00S*22$ Q uawsales om 


TQWNSSy *S3SOD BulqayueW “1Z 


*U07/01$ 3& pazonb 


SEM LeSOdStP APL “UOLLeD LeLvadwt/PE{ are aGpnis proe 4oj ‘uozesado o1uezUQ ue wors pajonb ‘s3yso2 Lesodstp pue uoLzeZL{eUINAN | “1esodsitp a3semM ‘OZ 


"G/61 LLBS 02 pazeleosa pue ‘b/6 [Lady ‘Aouaby u01q>Daq0Ug 


LeUSUUOULAUZ “S"f) *SSe4buo) ay} 03 uoday ,‘Apnis 110 aISeM, $0 92 aIqeL UL pazu4odas sanLeA E76| UO paseq aue 6L pue gi *Z{ Swazt 40 S3S09 au, :310N 


suoi eb 000°1L/309 snid ‘suo 


*punod sad PE 2e UOLzDeUZXa YUaALOS 40s dnayew auedouig “6L 
*punod sad p7 ye Aej «gt 
*punod sad $9 Je pide Stungins 2¢6 "ZL 


*(Raue eBenssissiy 242 4OJ SBze4 “azeM ALYQUOW OJUOUO] UPILLOdOUQaW UO paseq) uazeM {eUdLZLppe 4104 
tL86 OOOSOOL 3S4tsy a4 soy suOLLeb 000°1/#S9 30 a3e4 & 2e padtud sem dnayew wamM0z Huy [00D pue uajtoq *ssado0ud 4OJ JOZOM “OL 


"N3g vuott{iw vad gE-tg 


4o *uayhty ¥GzZ padtud sem quetd uaboupky ssaooud HulzeaszOupAH /uolzeLLLIStg ayz UL Lang pue paay 40} pasn seB [eunqen nig voL{{iw sad 90°1¢ 
40 “{fO 9}SeM Se owes au, padtud st (Ssadoud Ae1/pLoy/uolzde43xz aU UL Se) 49035 48}}ND OF paseydund [10 4O [any *NYg UOLL [LW 4ad 90°1$ 03 
quaLPALNba st Qunowe stu, ‘oLruequQ UL sadtud quasaud 40} [eILdA--( Jau4eg vad OF*9$) UOL {eH jeLuadwy sad PBL 2e 3OS St (9aus-4aqZeEM) [10 aISeMH 


“StSeq anLeA Hulrqeay e 


UO [LO 93SeM BY2 $0 S09 BYZ OF pazela4 are ‘plos uo paseydind wauqLa’‘stany [Le Apnys siuy uy *¥203s uazqN> pue {ang °St 


“(stseq 9/61) UMy 4ad sittw ¢ Je ABuaua snid puewap mx/9p"¢$ 


Je payndwod st 3s0d Apyzuow ayz AY 09-21 4O4 “SuLessy [PQUaWUJaACBuaqUT pUe Stwou0dz *Aunseasl JO Auystutw ay} woss pautezqo sem 4amod yo 350) ‘pI 


snouabox3) ynduy uajndwo) 50 saquny war] 
SYOLIVS 1SO0D ONINIV1dX3 S310N 


(panutzuod) 
€°2 31aVvl 


47 


*awes ay} aq 0} pawnsse St y bua, uo, ay. pue sueak ua 


3q 0} pounsse st ajt, YOafoud ay, “pamMousog aue spuny 41 uvo, yo yybua, BuLunp pue uoLzoON4uzSUOD Hulunp azeu YSauaqUL pawNsse qUauuNy “72 
*¢€ pue Z *{ Swatt SawL? O/°O SL PamMOsu0g 1 eLdGeD JO YUaDUag °92 
"antea abeates ou Burwnsse ‘uoizesado jo pua ay} ye adueleq BuruLrewau yo ssoL LeuLWw4az eB YIM *4OZ St (Q SSBLJ 4apuN) azeu UOoLzeLIaudap pamo| |e 
GALJEUIAZLL PuPpuelezs oy, “PUSMUOULAUZ JO 4aIStULW ayy Aq paMo||[e JL SpauLtsap se ‘SsuRak M9J FS4LJ BYR JO YEA pazyINpap JuNowe wassa, e 4O 4eak Ysuty 
ay pazonpap aq Aew sjsod Leyided JO YOOL YOLYM UL HZ SSBLD sapuN patyisseld aq Aew pazen_eaa Bburag st se yons quetd e JeYy BION “UOLZeLIBUdGag *GZ 
saaseyoind a4} 032 aq pjiNnod sjUeULWweUOD 
dsayz aduesinu ayy wos YuNODIe 02 NIg UOLL [LW 4uad 70g 02 %G2 Aq padNpau sem adlud sales 4LaYyz ‘UOLZLPpe Ul “JUaUOD 1 qGLzZSNqwodUOU ALaYyz 404 JYUNODIe 
0} paseMo| uvaq sey Stony yse yBLy asayz Jo anjea Hurqeay aut “any yse yBty e se paraaodau aq ued pue 4AMO} UOLZEL [LSP 4O 49MOZ UOL3Ie41}xa 
SYy2 JO SWOZIOG BY UL PazevqUaoUOD due Sj_eLuazew AAPaY ay} ‘Sassadoud BuLzeauqoupAH/uoLzeLLL9Sig pue AelJ/uoLeLLL9Sig *AeLD/plLIy/uoLyIe4zxXZ ayy UT 
*antea ALBAODI4 OU BAY pUe BbpN{s 
proe ay. ut payoafau sue paasy [}O azsem ay} UL SqUeULWeJUOD AAPaY 4ayZO pue SpuNOdwOd M11 LeZaW ‘SuawALOd ‘sauazjeydse ay ssad0ud Ael(J/pLoy ayy uy 
*(Apnys aqeusaz1e paas quantip ybty ayy ut ydadxe) yonpoud 
* pany 2yHt{ Ou sey OS pue yuan ip paey ay} UL SLqe_Leae St ueYy. any auow sasn ssad0ud AelJ/pLoy/uolzde4zXZ BYL “Sassado0ud HulzeauzoOupAH/uo1ze{ {1951 
pue Aeld/uorze_Ltasta ‘Aetd/proy aud ut zOnpoud e st tans 3yBLq “NIg UOLL {LW wad 9O°L$ 63S09 [LO B3SeM Je SSad0ud BY 0} JIPasD e St [PluazrW siyy JO “pH2 
apes “any yyBL, yonpoud-Aq ayy se Sueadde szuawautnbau any Que(d asaoge ssaoxa Auy “janj Se juetd ay. ut pauung pue {10 aqn{ ay ‘vous paqeuedas aue pue 
S}npoud asau, ‘asap pue auLyoseb jo Hulzsisuod [eLuazew quan,[ Lp %G°g9 uLeJUOD 0} Pawnsse Sit paajy [LO aZSeM JUL “SANUaAdU Lany ZYbLy pue yse YybiH “EZ 
000‘ 02s$ 000‘0zs$ 000‘0zs$ 000‘ S2r$ {pouked jenuue (e301 
000° S6E$ 000*S6e$ 000*S6E$ 000*00€$ {pouked astus Lenuuy 
02 02 02 Sl Suosuad [e301 
b v 7] € dstus sad ajdoad ,eqoL 
— aaa = BE eae 4nou/00°6$ @ 40ze4ad0 g Au06a3e) 
: 2 2 t 4Anoy/S2°6$ g@ 40Ze4adO0 y As0b3a7e9 
L l l l ANOY/OS "OLS @ YRWe404 
Buy} easzOupAy Rei) Reid /ptoy Ae.d/ptov 


/UOLZELLLISL /UOLJELLLISIG /40L39e43x3 


}4US Jag SUdSuad (panuijuo3) *22 


Snouaboxj) 3Nduy sazndwo) JO AaQuNN wer] 


SY¥OLDV4 1S09 ONINIV1dX3 S3LON 


(panu, uod) 
€°2 318VL 


48 


The basis for the calculation of each of the figures provided in 
Table 2.3 may be found within the Notes Explaining Cost Factors at 
the bottom of the table. The first 27 figures represent exogenous 
inputs into the computer calculation; the effect on profitability 
of changes in one or more input variables can be Catal determined 


by making additional computations. 


Within the computer calculation there are several internal computations 
that may be thought of as endogenous input; interest during construc- 
tion, inventory costs, transportation costs, maintenance and Supplies, 
insurance, disposal of nondepreciated assets and taxes. These assump- 


tions are listed in Table 2.4. 


Annual costs for the following input variables are proportional to 


the operating capacity of the re-refinery: 


Waste oil supply Clay 

Lube oil product Propane 

Power Waste disposal 
Fuel and cutter Transportation 
Water High ash fuel 
Sulfuric acid Light fuel 


The computer program calculates the proportionality for the above 
listed inputs. For example, 250 days a year operation as compared 

to the base case of 330 days a year operation represents an operational 
percentage of 75.8%. Therefore, each of the aforementioned costs is 
multiplied by 75.8% within the computer program to adjust the annual 


Operation costs. 
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Escalation or inflation rates have not been applied to either the 
annual operating costs or the annual average sale price of the 
finished lube oil product. This has been done for two reasons. 
First, it is not possible to forecast accurately the future rate 

of increase for both costs and prices. Second, a number of studies 
have escalated costs and prices using a single percentage rate. 
Such a process provides erroneously large future rates Beatin: 
Therefore, as a conservative assumption, the present differential 
between costs and prices is assumed to exist in the future for the 
base cases. Some of the variant cases do assume changes in the 
differential between current costs and prices. For these cases the 
internal rate of return after tax is significantly different than that 


calculated for the base cases. 


The cost input assumptions utilized in this study were based on 
conservative estimates and adjusted, as necessary, as a result of 
discussions with ners. blenders and re-refiners in Ontario. It is 
believed that with prudent management and close attention to financial 


operations, reductions in the cost of re-refining can be realized. 


2.4 Base Case and Variant Cases: Calculations and Analysis 


For each of the ten base cases described in Section 2.3, the after 
tax internal rate of return was calculated. The computer printout 


for each of these cases may be found in Appendix 1 to this Report. 


The base case assumes that a major corporation would finance the 


costs during "construction" and "startup" out of “equity funds." 


2] eS 


Equity funds, for example, would be profits from normal annual opera- 
tions within a large corporation. Therefore, with equity funds there 
is no interest to be paid to the lenders, except that the corporation 
would require a minimum rate of return on invested capital, typically 
referred to as "opportunity cost" of capital. An alternative means of 
financing the capital costs would be to borrow a portion of the 
required capital from a lending institution. This means of financing 
will greatly affect the internal rate of return by means of "leverage." 
In this example, leverage means providing funds for a down payment and 
financing the remainder of the capital costs at some specified interest 
rate. In each of the following example cases, 70% of the capital costs 
(defined as the combined costs for process plant, offsites, and land 
and development) is financed at an annual rate of 12%. The period of 
the loan is assumed to be ten years. Both the percentage of capital 
borrowed and the interest rate assumed represent conditions existing 


in late 1975. 


Tables 2.5 through 2.14 summarize the key input data and results of 
calculations based on the computer analysis found in Appendix 1, 

Volume 2. The leverage effect, which may be seen in Tables 2.5 through 
2.14, occurs when the rate of return after tax differs from the assumed 
interest rate on borrowed funds. If the internal rate of return is much 
less than the rate of interest on borrowed funds, the net effect of an 
additional cost to pay the loan makes such a mode of operation less pro- 
fitable than if equity funding had been used. The opposite effect of the 
leverage occurs when the internal rate of return after tax exceeds the 


interest rate on the capital funds borrowed. 
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The alternate to the base case, in which borrowed funds are utilized, 
will be of interest to individuals and firms who either lack the 
entire funds necessary for investment or wish to take advantage of 


the leverage effect. 


In addition to the calculations of the base case utilizing either debt 
or equity funding, an analysis was made of the effect of variations 
in capacity utilization, feedstock cost, capital cost and rate of 


depreciation on the internal rate of return after tax. 


The first variant assumes a decrease in capacity utilization from 
330 days a year operation to 250 days a year operation. Operation for 
330 days a year assumes that the plant is on-stream for 24 hours a 
day, seven days a week, with approximately 34 days "shutdown" time 


for maintenance and repairs. 


The 250-day operation assumes that the plant is on-stream for 24 hours 
a day, five days a week, with ten working days in addition to weekends 
for maintenance and repairs. The reduced capacity is assumed to be 
unexpected, therefore the number of personnel required has not been 
reduced. Such an assumption simulates the actions of a re-refiner 

who does not want to let members of his crew leave should the 

business level increase. Alternate cases, discussed later in 


this chapter, do assess the effect of reduced crew sizes. 


The second variant assumes an increase in the delivered cost of waste 
oil from 18¢ to 23¢ per Imperial gallon. Twenty-three cents per gallon 


approximates the price of residual fuel oil and represents an upper 
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bound to the cost of the competing fuels. In other words, an individual 
purchasing waste lubricating oi] as a fuel would not be willing to pay 


more than the cost of residual fuel oi] for burning purposes. * 


Variant 3 assumes that the capital costs are 20% higher than estimated 
in the base case. While the base case capital investment costs were 
conservatively estimated, the purpose of this evaluation is to provide 
to the potential investor a measure of the risk should there be a 
fault in the estimates, an unexpected complication in construction, 


or a rise in the inflation rate during construction. 


Under Canadian income tax law, the income from a business or property 
is the profit or net income after deducting the expenditures laid out 
to gain or produce the profit. The "expenditures" refer to "current 
costs," as well as to "depreciation." Under the Income Tax Act, a re- 
refinery may be classified in Class 24. Class 24 allows up to 100% 
rate of depreciation during the first year of operation, or a lesser 
amount should it be desired. Such a depreciation rate requires the 
approval of the Minister of Environment. At the other extreme, a 
re-refinery might be classified as Class 8. Class 8 allows a 20% 
depreciation allowance on capital costs each year. Both the 100% 

and 20% figures represent extremes. However, both of these percentages 
have been used in the evaluation to provide information to individuals 
within the government and industry with respect to potential policy 
decisions in the future that may affect re-refineries. 


* This is a conservative assumption. On the basis of equivalent heating 
values the ceiling price for waste oil would be 19¢/gallon. 
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A ranking of base Cases 1 through 10, with their respective average 
costs of production and rates of return, is provided in Table 2.15. 
Base Case 3, the Distillation/Clay process, provides both the lowest 
cost per gallon of production and the highest rate of return after tax-- 
49¢ per Imperial gallon and 23.5%, respectively. Case 3 was also 

five percentage points above its nearest competitor. Case 4, the 
Distillation/Hydrotreating process. Therefore, further analysis 


was performed for the Distillation/Clay process. 


Most investors have a cutoff percentage rate of return below which no 
investment would be considered. This is sometimes represented as the 
“cost of capital" or an “investor's Opportunity cost." Assuming this 
figure is currently 10%, Case 11 was developed utilizing all of the 

base assumptions within Case 3 but lowering the sale price of re-refined 
base oil to provide approximately a 10% internal rate of return after 
tax. The input assumptions for Case 11 are shown in Table ZG EN 

a similar fashion, an increase of 5¢ per gallon above the base case 

sale price of 71¢ per Imperial gallon is represented in Case 12. A 
summary of the results of the computer calculation for both Cases 1] 


and 12 may be found in Table Dat and Table 2.18,respectively. 


The results of Cases 3, 11 and 12 are displayed in Figure 2.1 entitled 
"Sensitivity Analysis of the Distillation/Clay Process, 330 Days a 
Year Operation at 16,666 Imperial Gallons per Day of Waste Oil Feed." 
The purpose for the development of the figure is to depict visually 
the sensitivity of the internal rate of return after tax to changes 


in the values of important independent variables. 
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The horizontal axis represents the internal rate of return after 


tax. 


The vertical axis represents the percentage of change in an indepen- 
dent variable. The percentage changes in the independent variables 


analyzed are shown in the legend to the figure. 


The family of lines on the left-hand side of the figure represent the 
base case with no borrowed funds. The family of lines at the right 
of the figure represent the base case, with 70% of the capital cost 


financed. 


It may be seen in Figure 2.1 that the internal rate of return is least 
sensitive to changes in the depreciation allowance. The degree of 
sensitivity, or the slope of the line, is more Pronounced in the 


borrowed capital case. 


The internal rate of return after tax is very sensitive to changes 
in the annual operating capacity and the price charged for the re- 
refined product. It can be seen that the rate of change for both 
a reduction of 330 to 250 days per year of operation and an increase 
of 18¢ to 23¢ approximates the same effect as reducing the price of 


the finished lube oi] product from 71¢ to 59¢ per Imperial gallon. 


A note of caution is warranted with respect to the use of the sensitivity 
analysis. Intermediate points do not fall on the lines connecting the 
variant case results to the base case results. Therefore, extrapolations 


and interpolations cannot be made. Calculations or computer analysis, 


7] O 


such as performed within this study, are recommended should assess- 


ments of alternative assumptions be desired. 


The Distillation/Clay process, operating at 330 days a year with 

16,666 Imperial gallons of feed a day, has an attractive internal 

rate of return after tax even under unfavorable market conditions. How- 
ever, a note of caution should be raised with regard to its potential de- 
velopment within Ontario. As a result of information developed by Tekne-_ 
kron during this study and as a result of preliminary assessments of the 
availability of waste oil products for recycling performed by the 
Ministry of Transportation and Communications, there is a concern 


about the availability of an adequate supply of waste oil feedstock. 


In order to illustrate the difficulty of accounting for large quan- 
tities of waste lubricating oi] potentially available for recycling, 
a "Simplified Flowsheet for the Lubricating 011 Cycle of Ontario" has 


been prepared (please see Figure 2.2 on the following page). 


In a draft working paper on waste oil availability in Ontario, the 
Ministry has estimated that in 1973 approximately 87 million Imperial 
gallons a year of new lubricating oi] stocks were consumed in the 


Province. This is indicated in the starting point of the diagram. 


Information provided in the report, "Preliminary Review of Used Lubri- 
cating Oi] in Canada," by Environment Canada, states that 64% (56 million 
gallons a year) of lubricating oils consumed in Canada is not available 
for further use. The remaining 36% (31 million gallons a year) is 
potentially available for recycle or reuse. These figures, while 


subject to debate, are the current assessment by Environment Canada. 
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Based on a preliminary assessment of waste 071 availability prepared 
by the Ministry of Transportation and Communications, of the 31 million 
gallons potentially available in Ontario each year, only 9 to 10 million 


gallons a year can be accounted for. 


There are two major uses for waste lubricating oils which are collected. 
The first includes such utilization as road oiling, burning as a fuel, 
etc. The second use consists of utilizing waste lubricating oil ina 


re-refining process. 


The capacity size of the Distillation/Clay process, reviewed in Cases 3, 
11 and 12 in this study, requires an annual input of 5.5 million gallons 
of waste oil. Assuming that there were only 9 to 10 million gallons 

of waste oil gathered annually by the waste oil collectors, the re- 
refinery being considered would require in excess of 50% of all known 
available waste oil in order to maintain a desired scale of operation. 
Based on the limited amount of waste lubricating oil gathered by 
collection firms and the competing markets for waste oi] other than 
re-refining, it would be extremely difficult to supply the required 


quantity of waste lubricating oil feedstock. 


It should be noted that there are approximately 22 million gallons 

a year of waste lubricating oils for which there is no current account- 
ability. If, however, this additional volume of waste oil did, in fact, 
exist and could be economically collected, then it is likely that the 


feedstock requirement of 5.5 million gallons a year could be obtained. 
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The limitations on waste oi] availability in Ontario represent an 
important element of risk in an investment in re-refining. In order to 
avoid the risk of an inadequate supply of feedstock, a small scale re- 
refinery could be built. However, as shown in the analysis of cases 5-8, 


profitability falls sharply as plant size is decreased. 


Each of the four technologies evaluated so far is designed to recover 
a high quality base oil from a wide range of contaminated lubricants. 
If a less sophisticated, lower-cost process could be employed, then 
the minimum economic size of the plant might be of such a scale that 


adequate feedstock availability could be reasonably assured. 


In order to test this assumption, an economic analysis was made of an 
existing re-refinery located in Southern California. This firm 

employs a simple process in which used industrial oils are dehydrated 
in a clay slurry. Volatile hydrocarbons are then removed by steam 
stripping at elevated temperatures. The treated oi] is cooled and 
filtered to remove the clay. This process is described in greater 
detail in Section 1.15 and Figure 5 of Chapter 1. Based on this simpli- 
fied Dehydration/Clay process flow diagram, the process plant capital 
investment and operating costs were estimated. These are shown for 

two different size facilities (Cases 13 and 14) in Table 2.19. The 
summary of the computer calculation for Case 13 is presented in 

Table 2.20. This mode of operation is marginally profitable with an 
internal rate of return after tax of 4.9%. However, it should be noted 


that the existing plant represents a much greater profit to the owner 
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because the re-refinery was built in 1932. There is no current 
obligation to account for the original capital investment or depre- 
ciation. In effect, this re-refiner has only to account for annual 
operating costs of approximately $286,000 in order to supply 
900,000 Imperial gallons a year. The average cost, therefore, is 


approximately 32¢ per Imperial gallon of oil produced. 


This re-refinery is markedly different from nearly all other existing 
firms. The company has nearly 150 industrial clients. No oil is 

sold to blenders. Each client's waste oi] is custom re-refined in a 
separate batch operation. Thus a client's waste oil is never mixed 

with waste oils from other sources. Re-refined products are compounded 
to the customer's specifications. A single tariff is charged for waste 
oil collection, re-refining, compounding, and delivery of the re-refined 
product. An important limitation of this process is that only indus- 
trial oils, which are not highly compounded, can be properly re-refined. 
Used automotive crankcase oils cannot be recycled without more severe 
processing. This type of operation is frequently referred to as closed- 


cycle or custom re-refining. 


Closed-cycle operations have a number of advantages over the more common 
open-cycle operation. First, the re-refiner has control over the supply 
of waste oil. Competition from road oilers or fuel marketers for feed- 
stock supplies does not exist. Second, less sophisticated, lower cost 
technology can be employed for re-refining industrial oils than for 
re-refining automotive crankcase oils. In addition, since used 


industrial oils tend to be less contaminated than run-of-the-mill 


‘@) 


crankcase drainings, the yield of re-refined product is substantially 
higher. Third, in closed-cycle operation, a finished (compounded) oi] 
is produced for sale to a final user. The re-refiner can thus earn 

a profit on both the compounding and the re-refining operations. 
Finally, the competition in this type of market is provided by high 
quality finished oils marketed (and frequently produced) by major oi] 
companies. Thus the closed-cycle re-refiner is somewhat protected 
from the rather wide fluctuations in the price of base oils which can 


occur in the wholesale market. 


When operating in a closed-cycle mode, it is to the re-refiner's ad- 
vantage to collect his own waste oil from the clients rather than to 
pay a collection firm. Specifically, a cost saving of about 12¢ per 
gallon of re-refined base oil is realized over the previous cases 

where waste oil was purchased from independent collectors at 18¢ per 


gallon. 


Based on estimates of the availability of used industrial oils in 
Ontario, an additional case was run for the simple Dehydration/Clay 
process. The assumptions used in this analysis are shown in Table 2.19. 
The annual intake of waste oil feedstock was increased from 1 million 
to 2 million gallons a year, with a resultant product increase from 
900,000 to 1,800,000 gallons a year. Marketing costs were added in 
order to establish and maintain contractual arrangements with 

industrial firms. The manpower estimates used in Cases 9 and 10, 


which assumed 250 days a year operation in Ontario, were utilized. 


a lam 


Additional labor costs to support drivers of collection vehicles were 
also added. Summary results for Case 14 may be found in Table 2.21. 

A marked increase in the profitability occurs due to the increase in 
capacity utilization; equity funding produces a 14.4% internal rate of 
return after tax; borrowed capital funds produce a 23.8% internal rate 
of return after tax. The corresponding average cost of production 

- ranges from 52¢ to 56¢ per Imperial gallon. This mode er dper aon 
has further potential in that all profits have not yet been accounted 
for. Blending operations which are included in the estimates for 
capital and operating costs will substantially increase the rate of 


return after tax. 


Typical blending charges in Ontario range from 6¢ an Imperial gallon 

of finished product for bulk supply to 20¢ an Imperial gallon for supply 
of ten drums or less. These prices are in addition to the actual deliv- 
' ered costs of the blending additives. An analysis of the prices of 
additives, the transportation costs, the volumes blended, the tariffs 
and the packaging costs may be found in Table 2.22 on the following 


pages. 


Assuming a product mix of hydraulic, gear and cutting oils, the average 
markup on additives supplied in bulk quantities may be expected to be 

50% based on blending prices previously quoted. The resultant prices 

for finished re-refined lubricants range from 9% to 28% less than the 
current market prices in Ontario for similar virgin products. Such 

a variance from the current market price might be used to insure that the 


desired sales volume was obtained. If this degree of discounting was 
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not found to be necessary, then higher profits could be realized from 


blending operations. Assuming that all sales are in bulk, the net 
increase in profitability of each finished Imperial gallon of product 

is 6¢. This increase in profitability was the only change in assumptions 
between Case 14 and Case 15 (see Table 2.19). A summary of the calcu- 
lation results for Case 15 may be found in Table 2.23. Utilizing equity 
funding, the interal rate of return after tax is 18.5%; utilizing 


borrowed funds for the capital investment, this rate jumps to 32.3%. 


2.5 Ranking of Processes and Design and Operation Variants 


Based on the analysis in Section 2.4 and based on initial capital costs, 
efficiency of production and relatively low environmental costs, the 
Distillation/Clay process proves to be the most economically viable 


process. 


The most attractive internal rate of return after tax stems from a mode 

of operation requiring 5.5 million gallons of waste oil] feed each year. 

However, in view of the uncertainty that this volume of waste oi] 

could be obtained, the smaller, less sophisticated Dehydration/Clay pro- 
cess may be a more viable opportunity for the re-refining of industrial 

oils which are not highly compounded. Automotive crankcase oils cannot 

be properly re-refined using the Dehydration/Clay technology. Further, 

this process cannot remove dirt, asphaltenes and gums except as they 


adhere to the clay or are filtered. 
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In summary, re-refining in Ontario may prove to be economically 
Viable. The critical uncertainties are the availability and 
quality of waete, lubri@ating oil. This uncertainty should be care- 
fully considered by firms contemplating investment in re-refining 
processes or by government officials following a policy of pro- 


moting re-refining within Ontario. 


2.6 Re-refining Product Quality 


2.6.1 Introduction 
Samples of waste oi] used in several different re-refining processes 
and corresponding samples of re-refined products were collected and 


analyzed in the laboratory. The results are presented in Table 2.24. 


Five different Acid/Clay operations are represented (Samples 2, 3, 5, 
6 and 7), but in the case of two of them (Samples 3 and 5), only the 
re-refined products were available. "Before and after" samples of 

a Distillation/Clay process (Sample 4) were obtained from one | 
location. Another source made available the waste oi] used and small 
amounts of the products from commercial scale Acid/Clay and laboratory 
scale Distillation/Hydrotreating processes (Sample 6). Still another 
operator supplied samples of the waste oil and product of a process 


which he preferred not to describe (Sample 1). 


In addition, two samples of neutral oils (Samples 8 and 9) were obtained 


from different large-scale commercial refineries operating on natural 
crude oils. These samples are included for reference to show the quality 


of some virgin oils with which re-refined 011s would compete. Other 
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virgin oils may have properties different from these, but would be 


equally free of fuel and metallic and acidic contaminants. 


2.6.2 Summary 

The quality of the re-refined oils is significantly better than that 
of the waste oils. The best two (and fairly comparable) samples of 
re-refined oi] are an Acid/Clay product (sample 7A) and the 
Distillation/Hydrotreating product (sample 6B). The worst is from 


an Acid/Clay operation (sample 5A). 


The results emphasize the need to consider a number of criteria in 
judging a given re-refining operation or in comparing re-refining 
processes. These criteria include the quality of waste oil used, 

the kind and condition of equipment used, and the skill and care with 


which the process is operated. 


Waste oi] samples 6B and 7C appear to be used motor oils (although 
more lightly compounded than current SE oils). Because of the more 
uniform nature of motor oils and the additives used in them (com- 
pared with a mixture of industrial otis) segregation of waste crank- 
case oils is not critical to producing a quality re-refined product. 
Therefore, if the process is well controlled, a reasonably high 
quality product should result. Indeed, that did happen in the case 
of samples 7A and 6B, with the products approaching the quality of 
the reference virgin oils. With improvement in the operations, 1 0S 
quite conceivable that the quality of these re-refined oils conn 
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match that of the virgin oil products. 
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On the other hand, the firm which supplied sample 5A utilizes a waste 

oi] composed of a mixture of industrial oils. This feedstock is probably 
composed of oils having widely different characteristics, mainly as 

a result of the additives used. Although a sample of the waste oil 

was not available, it is clear that such a feedstock would be difficult 


to re-refine, especially if the operation were not well controlled. 


The objectives of re-refining operations are important in considering 
the effectiveness of various processes. For example, a well run 
Acid/Clay operation can receive waste oil froma large customer, 

process it separately from other oils, blend the re-refined product 

with appropriate additives and return the oil] for re-use in the client's 
equipment. Indeed, this has been done with diesel engine oil for 

a number of railroads for many years. However, such an operation 

would have to be supplemented with distillation equipment if the objective 
were to offer a line of oils suitable for oi] product blenders. Virgin 
oil refineries produce a number of neutral oils, differing in vis- 
cosity, for their own use in blending various oi] products, and for 

Sale to other blenders. This is necessary to achieve the viscosity 
desired in the final product. A given refinery may produce a 100 
neutral, a 250 neutral, and a 500 neutral oil, for example. (The 
numbers refer to the Saybolt viscosity at 100 degrees F:) Neutral 


oils are the overhead products of the distillation process. 


In considering the laboratory data to determine how suitable the oi] 


is for further use, the following criteria have been taken into account: 
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a. Removal of fuel contaminants. Efficieny of 
the contaminant removal can be judged by testing 
the flash point, viscosity, carbon residue, 
and lead content of the re-refined oil. 

b. Removal of metal contaminants from wear, corrosion 
and dust. The presence of metal contaminants 


is tested by analysis for iron, copper, lead, 
Silicon and sulfated and/or total ash. 


c. Removal of acidic contaminants from fuel and oil 

oxidation, and removal of additive residues. 

Removal of acids and additive residues is monitored 

by determining the total acid number, total base 

number, strong acid number and sulfated ash content 

of the re-refined oil. 
The number of samples obtained is suitable for indicating trends. A 
larger number would be required to demonstrate specific trends, such 
as would be required for a definitive comparison of the quality of oils 
produced using different re-refining processes. The test results obtained on 
these samples are considered reasonably reliable. In considering the 
results, however, repeatability in the same laboratory and repro- 
ducibility between laboratories must be taken into account. For 
example, the American Society for Testing Materials (ASTM) has | 
established that repeatability of a test which yields a strong acid 
number in the range of 0.05-1.0 is 0.02, and that the reproducibility of 
this test is 0.04. Thus, a strong acid number of 0.02 can, for 
practical purposes, be considered to be zero. Specific lubricating 


oil tests and their significance are discussed in Section 2.6.3, 


below. 


Finally, a number of industry standards for hydraulic oil and lubri- 
cating 011 require performance tests. These tests are necessary 
because the results of physical and chemical laboratory tests, such as 


those presented in this report, are not sufficient to show that 
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the performance of even virgin oils compounded with suitable additive 
packages will be satisfactory. Therefore, it must be understood that 
the evaluation of the oils considered here only shows whether they may 
be satisfactory base oils for further additive blending. The 

additive response of these oils, that is, the performance of the oi] to 
a given amount of a given additive is not known. Thus, Oil A plus 

8 percent of Additive X may pass a given performance test. But Oil B 


may require 9 percent or more of Additive X to perform equally well. 


2.6.3 Lubricating 0i1 Tests and Their Significance 
This section provides a brief description of the laboratory tests of physical 
and chemical properties of lubricating oils, and the significance of these 


tests in assessing the quality of re-refined products. 


Gravity. The general source of crude oil is indicated by its gravity: 
crudes from the U.S. Gulf Coast are low in gravity number, those from 
the Mid-Continent area are medium,- and those from Pennsylvania are 
high in gravity number. Oil products have the following characteristic 
gravity number ranges: gasoline, 50-60; kerosene, 30-40; lubricating 
Oils, 20-30. Comparative values before and after treatment of waste oi] 
indicate the degree of removal of sludges (heavy molecules) and fuel 


dilution (lighter molecules). 


Color. This is a general indication of the degree of treatment, but 
not necessarily a measure of product quality. A rating of 0 applies 
to a transparent 011] with snly a trace of straw color. A rating of 8 


is black and opaque. A maximum rating of 5 is considered acceptable. 
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Pour Point. This property is an indication of the lowest temperature 
at which a given product can be used. It is also a rough indicator 
of the crude source of the oil product; however, the presence of 
pour point suppressants would mask any crude source indication. The 
test suggests the degree of removal of diluents from the waste oil in 


re-refining operations. 


Flash. Flash point is used as a refinery control test, and is useful in 
re-refining operations as a measure of the removal of fuel diluents 


from the waste oil. 


Viscosity. This is a fundamental criterion of the suitability of a 
lubricating oil for its intended use. Viscosity measurement is also used 
to classify oils into several viscosity ranges for application in 
suitable ambient temperature ranges. Fuel dilution of engine oils 

lowers the viscosity. Therefore, viscosity can be used aS a measure 


of the removal of diluents from waste oil in re-refining processes. 


Viscosity Index (VI). In the case of virgin oils, the VI is an indica- 
tion of the crude oil source. Coastal crude lubes are usually in the 
range of 30-35 VI, while those from Mid-Continent and Pennsylvania 
crudes are usually 90-100 VI. As most quality motor oil base stocks 
today are in the 90-100 range, re-refined oils should fall into the 
same bracket. Viscosity index is an important measure of the suit- 
ability of an oil for service where wide variations in temperature 

are encountered. Thus, premium motor oils have viscosity indices in 
the range of about 130-140. Such high indices are achieved by the 


use of VI improvers in the blending operation. 
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Total Acid Number (TAN). This is a measure of the degree of oxidation 
of the base oil, as well as an indicator of the amount of additives 
in compounded oils. To be acceptable, the TAN of re-refined oils 


should be less than 0.10. 


Total Base Number (TBN). The additive compounding level in crankcase 
oils is indicated by the TBN. This test can be used to determine the 
degree of additive removal in re-refined oils. To be acceptable, the 


TBN of a re-refined product should be less than 0.06. 


Strong Acid Number (SAN). This is a measure of acids present which may 


corrode engine bearing metals. The SAN of re-refined base oils should 


be less than 0.04. 


Sulfated Ash. Of interest principally in crankcase oils, this is a 
measure of the additives present in both new and used lubricants. The 
sulfated ash content of a re-refined base’oil should be less than 0.02 


percent. 


Total Ash. In general, the results are used for the same purpose as 


are those from sulfated ash measurements. 


Carbon Residue. In new or refined oils, this is a measure of carbon 
forming tendencies when the oil is exposed to coking conditions. It 
reflects the crude 0i]1 source and type as well. In waste oils, the 
measurement will include carbonaceous material formed during prior 
use. In re-refined oil products, the test serves as an indication of 


how well contaminating carbonaceous materials (asphaltenes from 
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oxidation, fuel dilution, etc.) have been removed. The carbon 


residue of a re-refined 011 should be less than 0.5 percent. 


Benzene Insoluble, Uncoagulated. This is a measure of particulate con- 


taminants, such as dust and metallic particles. A level of less than 


0.01 percent is acceptable. 


Copper Corrosion. The corrosive tendencies of acids formed during 
oxidation, or added in the form of additive compounds, are indicated 
by this measurement. In the case of re-refined oils, the degree of 
removal of acid used in the process is indicated. The higher the 
rating, the more corrosive is the oil. A level of 2 or less is 


acceptable. 


Sulfur. This is a measure of residual sulfur as well as the sulfur 
added with the compounding additives. Appraisal of its harmful effects 
must consider other tests, such as copper corrosion. The sulfur content 


should be less than 0.2 percent. 


Bottom Sediment and Water (BS&W). The amount of sludge and water in 


used oil is measured in this test. It is an indication of the amount 


of those contaminants which must be removed in the re-refining process. 


Crankcase Dilution. This iS a measure of the dilution of crankcase 


oi] with unburned fuel which must be removed in re-refining. 


Spectrographic Analysis. This procedure determines the concentrations 
of certain metals in oils. The types and amounts of certain additives 


present (barium sulfonates, calcium sulfonates, zinc dithiophosphates, etc. ) 
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in oils are indicated by barium, calcium, zinc and phosphorus levels. 
The severity of wear and/or corrosion of piston rings, bearings, etc., 
can be judged by the amounts of iron, copper, lead and aluminum present. 
To be considered fit for further use, the metal content of a 

re-refined oil should be markedly lower than that of the waste oil 


from which it was produced. 
2.6.4 Discussion of Test Results 


2.6.4.1 Reference Oils 

These virgin products are 200 neutral and 250 neutral lubricating oils 
typical of large scale crude oil refining Operations. The oils are 
characterized by very light color, chemical neutrality, very low ash 
and sulfur levels and by the virtual absence of metals. Their vis- 
cosity indices, as well as their carbon residues, indicate that they 
probably originated from similar crude sources. Carbon residues of 
virgin oils vary with regard to the hydrocarbon compositon of the 


crude source. 


2.6.4.2 Acid/Clay Process 
The test results on samples 2A, 3A, 6A and 7A indicate that the Acid/Clay 
process can be quite effective in removing contaminants from waste 

oils. An exception is sample 5A for which the total acid number far 
exceeded permissible limits. (Although a corresponding waste oil Samp le 


was not available, it is likely that little clean-up was achieved. ) 
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A comparison of tests on samples 7A and 7B indicates that the re-refined 
product (7A) is acceptable in almost all respects. The flash point, 
viscosity and reduction in lead indicate that the fuel dilution has been 
substantially removed. The low sulfated ash, the reduction in calcium, 
barium, zinc and phosphorous indicate that virtually all the additives 
have been removed. The oil is also quite free of air-borne contami- 
nants such as silicon and of engine wear and corrosion metals such as 
iron, lead, copper and aluminum. The low values for total and strong 
acid numbers, and the zero total base number indicate the satisfactory 


removal of all corrosive contaminants. 


A comparison of tests on samples 6A and 6C indicate that the re-refined 
product (6A) is not entirely free of contaminants. Fuel dilution, 
judging from the changes in pour point, viscosity, and carbon residue 
are acceptable. The significant reduction in total ash indicates that 
the oil is tant clean. However, the total acid number and the suleey 


level are too high to be satisfactory. 


With regard to fuel dilution and cleanliness, re-refined sample 3A 
appears to be satisfactory. However, the slightly high total acid num- 


ber indicates the need for further treatment. 


The quality of re-refined oil sample 2A was improved significantly over 
that of waste oil sample 2B. The very low. sulfated ash indicates that 
the additives have been substantially removed. However, the total acid 
number is marginally high, and the total ash is too high. Slightly 
more severe treatment of the waste oil would likely result in a better 


color, a lower ash content and a more neutral product. 
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2.6.4.3 Distillation/Hydrotreating Process 

For this process, only one re-refined 011, sample 6B, could be obtained. 
This sample exhibits very good quality. It is quite clean (very low 
carbon residue and total ash), and has been reasonably well neutralized. 
Although the sample was too small to permit flash point measurement, the 
improvement in pour point indicates good removal of fuel contaminants. 
The viscosity is not much higher than the waste oil, but that may be 
because the sample is a light cut off the distillation column and not 
representative of the whole oi]. An improvement could be made in the 
sulfer level. This type of process has the potential of producing very 


satisfactory products 


2.6.4.4 Distillation/Clay Process 

Re-refined sample 4A is reasonably free of contaminants found in the 
waste 011 sample 4B. The high flash point and increase in viscosity 
indicate fairly complete removal of fuel dilution. The Sapa enents 
in total ash and carbon residue show that the oil is quite clean. 
Further, the significant reduction in sulfated ash means reasonably 
complete removal of additives. However, the high total base and total 
acid numbers indicate incomplete removal of soluble acids. A heavier 


clay treatment would probably correct this deficiency. 


2.6.4.5 Unknown Process 

As evidenced by the satisfactory values for flash points, pour point 
and carbon residue, fuel dilution seems to have been well removed 

from re-refined sample 1A. However, the viscosities are not consistent 


with that conclusion. Tests for carbon residue and total ash indicate 
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that the oil is reasonably clean. The low sulfated ash number indi- 
cates nearly complete removal of additives. The total acid number 


and the sulfur content are slightly high. 


2.6.5 Summary 

The analyses of these samples indicate that the re-refining processes 
represented are capable of producing oils suitable for further use. 

Good control of any process is necessary to produce acceptable oils and 
to do so consistently. A control laboratory capable of performing the 
tests listed in the table is required to ensure proper and consistent 


control of process operation. 


Some industry standards for oil] products, such as engine oils and 
hydraulic fluids, require performance tests. This is because the 
physical and chemical tests alone do not predict the suitability of the 
final product for the intended application. Whether a re-refined oi] 
is satisfactory for these applications cannot be determined until the 
oil is blended with the required additives and the applicable perform- 
ance tests run. However, re-refined oils produced with care are 
certainly good candidates as base oils for such products. Once 
qualified through the performance tests, re-refined oils should 
continue to be satisfactory base oils provided the process control 


mentioned above is maintained. 


The character of the waste oil used in any process is an important 
factor in determining the quality of the re-refined 071 which is 


produced. This would be particularly so in an Acid/Clay process. 
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It should be less so in a Distillation/Clay process and of still 

lesser importance in one involving distillation and hydrogen treatment. 
This is because removal of contaminants in the Acid/Clay process is 
achieved by chemical reactions; in the distillation processes. contam- 
inants are removed by physical means. Waste oi] composed of a mixture 
of used industrial oils would be expected to be more difficult to 
process than feedstocks consisting of used motor oils only. Different 
industrial oils contain a great variety of additives such as the various 
fatty-o011 compounds used in cutting oils, rolling oils, gear oils, etc. 
These used industrial oils can contain emulsions with water which may 
be difficult to break. As a consequence, re-refining of used industrial 
oils must normally be carried out under conditions where a single type 


of waste oil is processed in a separate batch operation. 


3. ENVIRONMENTAL IMPACTS OF BY-PRODUCTS OF WASTE OIL RE-REFINING 
PROCESSES 

3.1 Introduction 

This chapter analyzes the environmental risks associated with alternative 

methods of disposal of the by-products of re-refining processes. By- 

products of re-refining processes are composed of materials which are 

either present as contaminants in the waste oi] feedstock or are intro- 


duced into the process stream as a part of the re-refining operation. 


By-products generated in the course of re-refining are not generally 


recovered for reuse because: 


@ They may have little if any intrinsic value 
(e.g., spent clay). 


@e They may have intrinsic value, but direct use may 
require unacceptable costs in order to meet environ- 
mental standards (e.g., acid sludge as potential fuel). 

@ They may have intrinsic value, but recovery may pose 
excessive economic costs (e.g., extraction of 
sulfuric acid from acid sludge). 

The re-refining methods considered in this chapter are: 

e Acid/Clay 

@ Extraction/Acid/Clay 

@ Distillation/Clay 


e Distillation/Hydrotreating 


All of these processes have the common objective of removing from waste 
0i1 the various contaminants and decomposition products introduced 
into or formed within the original lubricating oil during its service 


life. Blends of the resulting base stock, appropriate additives and 
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other oils can closely approximate the quality of the original lubri- 


cating oil. 


The discussion in this chapter focuses on the re-refining of crankcase 
drainings for two reasons. First, a large fraction of the waste oi] 
available for processing by re-refiners in Canada is automotive and 
commercial transportation crankcase oil. According to the Petroleum 
Asshena tien for Conservation of the Canadian Environment (PACE), | | 
22,000,000 gallons of such oils were collected in 1970 and, of this 
amount, 5,200,000 gallons were re-refined within Canada. This latter 
figure agrees fairly well with the estimate of 5 to 6 million gallons 
made by Environment Canadas? Thus, it is clear that used crankcase oil 


currently constitutes a principal source of feedstock for Canadian 


re-refineries. 


Second, in terms of potential environmental risk, used crankcase oil 
probably represents a rather greater hazard than the industrial waste 
oils which are available for re-refining. Crankcase oils typically have 
a lead content of approximately 1 percent and contain specific poly- 
nuclear aromatics (PNAs), such as benzo-a-pyrene (BaP), known to be 
potentially carcinogenic. It is true, of course, that process by- 
products, such as the acid sludge generated in the Acid/Clay re-refining 
process, can pose environmental problems independently of whether the 
feedstock contains lead. The presence of the metal is, however, a 


complicating factor. 
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3.2 Summaries of Re-refining Processes 


The re-refining processes assessed in this chapter have been described 
earlier in this Report. - Accordingly, only critical issues are summar- 


ized for convenience. 


3.2.1 Actd/Clay 

The waste oils are initially flashed at about 300°F. The light oil/water 
overhead is separated and the oi] fraction is retained for fuel. Following 
dehydration, the feedstock is treated with sulfuric acid for about 24-48 
hours at about 100°F. This process coagulates oxidized oil contaminants 
and precipitates most of the metals contained in the feedstock. The 
oxidation products, metals, and acid form a sludge from which the oil is 
then separated. The treated oi] is steam stripped and further refined by 
treatment with clay to remove most of the residual color bodies and 
colloidal carbon. The clarified oil is recovered from the oil/clay 


mixture by filtration. 


Typically, the amount of sulfuric acid (92-98% H,S0,) employed in the 
process varies from 4 percent to 7 percent by volume. One factor 
affecting acid consumption is the residual moisture content of the oil 
following dehydration. A higher residual moisture content requires 
that greater volumes of acid be used. The amount of clay used for 


clarification is about 0.5 pounds per Imperial gallon of acid treated oil. 
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3.2.2 Extraction/Acid/Clay 

Following a dehydration process (described above), the feedstock is 
treated with liquid propane (in the ration of about 15/1) which results 
in an oil/propane solution. The insoluble materials, such as metals, 
form a precipitate in the process. The propane is separated from the oil 
by distillation and is liquefied for reuse. The extracted oi] is then 


treated with sulfuric acid and clay in the manner described above. 


A considerable fraction of the total contaminants is removed during the 
solvent extraction process. Therefore, the relative quantities of acid 
and clay required are considerably less than those used in the Acid/Clay 
process. The sulfuric acid requirement is about 2 percent by volume and 
the clay requirement about 0.2 pounds per Imperial gallon of acid 


treated oil. 


3.2.3 Distillation/Clay 

The waste oils are initially dehydrated. The flash tower bottoms are 
supplemented with light oil (about 20% by volume) and a small amount of 
caustic (0.2% to 2.0%). These additives break down any residual 
emulsion present and precipitate some of the included solids. The 
resulting sludge is removed by centrifugation. The centrifuged oil 

is distilled. The low boiling point fraction is recycled for dilution 
with the caustic and any excess is used for fuel. Middle cuts, which 
are to be used for lubricating oi] blending stock, are clarified by 


treatment with clay and are filtered as in the above processes. 
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The amount of clay required in this process is about 0.15 pounds per 
Imperial gallon of vacuum distilled oil. The distillate bottoms, which 
contain most of the ash content of the original feed, may be used for 


fuel or as an asphalt blend component. 


In this process, the caustic addition-centrifuging treatment is not 
essential; however, it eliminates much of the material which can cause 
objectionable corrosion and fouling in the distillation column and 


related equipment. 


3.2.4 Distillation/Hydrotreating 

This method is similar to the Distillation/Clay re-refining process 
except for the final treatment stage. Instead of treatment with clay, 
the distillate is catalytically treated with hydrogen. The hydrogen 
reacts with impurities containing oxygen and nitrogen. Volatiles are 
removed from the hydrotreated oil by steam stripping. The unreacted 


hydrogen is recycled. 


3.3 Overview of Process By-products 


As stated earlier, the by-products of oil re-refining processes can be 
divided into two principal groups: 


e Contaminants present in the waste oil which are 
separated from the feedstock during the re-refining process. 


e Materials introduced during the re-refining 
process which are not constituents of the waste oil 
feedstock. 
In this discussion, by-products of the first group will be classified as 


"endogenous" and those of the second group as "exogenous". 
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For a given feedstock composition, the endogenous waste components 
represent an irreducible minimum load which is independent of the 
particular re-refining method employed. However, the four different 
processes considered here vary with respect to both the amounts of the 
exogenous by-products they generate, and the levels of potential 
environmental risk associated with disposal of these wastes. Accordingly, 
if minimization of environmental impact were to be the only criterion 

in the selection of a re-refining process (that is, if economic, tech- 
nological and other nonenvironmental considerations were to be ignored), 
it would be reasonable to favor that method where the production of 
hazardous wastes per unit of re-refined oi] produced is the least, 


considering both by-product quantity and the hazard presented. 


On the basis of the above criterion, even in advance of the following 
detailed analysis, the Acid/Clay process is probably the least environ- 
mentally appealing of the four re-refining methods under evaluation. 
The principal reason for this is, of course, the acid sludge whose 
disposal presents a serious problem. The spent oily clay also requires 
disposal, although it is inherently less environmentally hazardous than 


the acid sludge. 


Although the by-products of the Extraction/Acid/Clay process also 
include acid sludge and spent clay, the quantities generated per unit 
of refined oil produced are, as noted earlier, substantially smaller 
than those associated with the Acid/Clay procedure. Therefore, the 
Extraction/Acid/Clay method may be considered environmentally 


preferable to the Acid/Clay process. 
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3.4 Detailed Estimates of Re-refining By-product Quantities 


The following sections provide quantitative estimates of the rates 
of production of by-products for the four re-refining processes. 
The design and operation of the model facilities are described in 


Chapter 1. 


For a given type of waste oil, such as used gasoline engine crankcase 
oil, the exact composition may vary considerably from source to source. 
Such variations may arise from differences in average oil service life 
(the drain interval), the average lead content of the fuel used in the 
vehicles from which the used oil was removed, the condition of the 


engine lubricated and the amount of water present in the oil. 


The quantities of wastes generated by the four processes under review 
in this study have been estimated by assuming that the waste oil feed of 


16,667 Imperial gallons per day has the following composition: 


Component Percent Volume 
Water 3.5% 
Naphtha fraction bad 
Diesel fraction ae) 

Lube oil fraction 90.0 
Total 100.0% 


The data presented below were obtained from the detailed material 


balances described in Chapter 1. 
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3.4.1 Acid/Clay Process 


Estimates for quantities of wastes generated are: 
Per Imperial 


Waste Product Per Day Gallon of Product 
Acid Sludge--pounds 41,230 ~~ 3.44 
Oily clay--pounds 7,920 0.66 
Endogenous water, Imperial gallons 583 0.0485 
Exogenous water, Imperial gallons 750 0.0625 
Total process water 1,300 0.111 


The distribution of oi] to the waste streams and the re-refined product 
is shown below. Percentage loss is based on the lube oil fraction con- 
tained in the waste oil feed. 


Imperial Gallons 


Per Day Percent Volume 
Oil lost to acid sludge | 2,795 18.6% 
Oil lost to clay 205 1.4 
Re-refined product 12,000 80.0 
Lube oil in feed 15,000* 100.0% 


*15,000 Imperial gallons calculated by multiplying the lube oil 
fraction, assumed to be 90%, times 16,667 Imperial gallons of 
feedstock per day. This means that the water and naphtha and 
diesel fraction is 10% of the total volume. Refer to Chapter | 
for assumptions. 


3.4.2 Extraction/Acid/Clay Process 
Estimates for quantities of wastes generated are: 


Per Imperial 


Per Day Gallon of Product 

High ash residue (without cutter), 

Imperial gallons 558 0.040 
Acid sludge--pounds 10,080 0.726 
Oily clay--pounds 3,216 Uezs 
Propane (vapor loss)--pounds 440 0.032 
Endogenous water, Imperial gallons 583 0.042 
Exogenous water, Imperial gallons 930 0.067 
Total process water, Imperial gallons 1,513 0.109 
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The estimated distribution of lube oil to the waste streams and 
product is: 


Imperial Gallons 


Per Day Percent Volume 
0il lost to high ash residue 558 B73% 
Oil lost to acid sludge 550 SKss 
0i1 lost to clay 67 44 
Re-refined product 13,875 92.50 
Lube oil in feed “2 45,000 100. 00% 


3.4.3 Distillation/Clay Process 
Estimates for quantities of wastes generated are: 


Per Imperial 


Per Day Gallon of Product 
Caustic sludge--pounds 2,400 0.189 
High ash residue, Imperial gallons 2,136 0.169 
Oily clay--pounds 2,568 OF 203 
Endogenous water, Imperial gallons 583 0.046 
Exogenous water, Imperial gallons nes /4 0.110 
Total process water, Imperial gallons 1,963 0.156 


The estimated distribution of the lube oi] to waste streams and product 
1S: 


Imperial Gallons 


Per Day Percent Volume 
Oil lost to caustic sludge 130 0.87% 
0il lost to high ash residue 2,136 14.28 
Oil lost to clay 67 0.45 
Re-refined product 12,667 84.40 
Lube oi1 in feed 15,000 100. 00% 
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3.4.4 Distillation/Hydrotreating Process 


Estimates for quantities of wastes generated are: 


Per Imperial 


Per Day Gallon of Product 
Caustic sludge--pounds 2,400 0.189 
High ash residue, Imperial gallons 2,136 0.169 
Endogenous water, Imperial gallons 583 0.046 
Exogenous water, Imperial gallons Zahi2 0.167 
Total process water, Imperial gallons 2,695 0.213 


The estimated distribution of lube oi] to the waste streams and re- 
refined product is: 


Imperial Gallons 


Per Day Percent Volume 
Oil lost to caustic sludge 130 0.87% 
Oil lost to high ash residue 2,136 14.28 
011 shrinkage through hydro- 
treating 67 0.45 
Re-refined product 12,667 84.40 
Lube oil in feed 15,000 100. 00% 


3.4.5 Lead Distribution 

For the analyses presented here, the waste oi] was assumed to have a 
lead content of 1% by weight. Although this concentration is somewhat 
higher than that usually encountered, it is not uncommon and from a 


conservative environmental orientation is considered realistic. 


Assuming that the waste lube oil feed contains one percent lead, about 
1,300 pounds of lead per day are input to each of the model plants. 
The following paragraphs describe the distribution of lead in the 


waste streams. 
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In the Acid/Clay process, essentially all the lead is removed in the acid 


sludge. The acid sludge contains about 3.2% lead by weight. 


In the Extraction/Acid/Clay process no data are available which show 
the lead distribution in the waste streams. A reasonable assumption 

is that 80% of the lead is contained in the high ash residue and 20% 

in the acid sludge. On this basis, the high ash residue would contain 
15%* lead by weight as produced and 11%* lead by weight after addition 
of cutter stock. Under these conditions, the acid sludge would contain 


about 2.5% lead by weight. 


Again, no data on lead distribution in the waste streams from the two 
distillation processes are available. Assuming that one-half the lead 
is contained in the caustic sludge and that one-half the lead is con- 
tained in the high ash fuel oil, the lead contents of the caustic sludge 
and the high ash residue would be about 25% by weight and 3% by weight, 


respectively.* 


3.5 Implications of Preceding Analyses 


This section addresses the environmental implications of the analyses 


of by-products of re-refining processes presented in Section 3.4. 


* The estimated quantities of sludges produced were not based on the 
assumption of a high lead content feedstock, as is postulated in 
these example calculations. The high lead content would probably 
be accompanied by more sludge formation, which in turn would reduce 
the percentage of lead in the waste stream. 
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3.5.1 Process Efficiency 

The estimated process efficiencies are indicative of the performance 
of a properly designed and operated facility processing a waste oil 
having the composition as described in Section 3.4. Less efficient 
Operations would increase the amounts of wastes generated per Imperial 


gallon of product. 


3.5.2 Daily Processing Volume 

The analyses in Section 3.4 were based on a daily feedstock volume of 
16,667 Imperial gallons. . Assuming 330 days a year operation, this 
would represent an annual feedstock volume of approximately 5 million 
Imperial gallons. By-product production rates for alternative 
Capacities of operation (see Chapter 2 for economic comparisons) 

may be estimated by scaling the figures presented earlier in proportion 


to the waste oil feed rates. 


3.5.3 Data Base Uncertainties 

The preceding analysis has been restricted to those waste products 

for which quantitative estimates can reasonably be made. Even in these 
cases, however, certain assumptions were sometimes necessary, such as 
the postulated lead distribution between centrifuge sludge and high 

ash residue in the Distillation/Clay and Distillation/Hydrotreating 
processes. With respect to some waste by-products (such as sulfur 


oxides which may be vented to the atmosphere in the operation of the 
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Acid/Clay process), no data were found which would permit even approxi- 


mations of the probable amounts generated.* 


3.5.4 Non-lead Waste 0i1 Contaminants 

In addition to lead, waste crankcase oil may also contain a number of 
other metallic contaminants, most of which are constituents of the 
additives blended with the original base oi1. According to the 
American Petroleum Institute, typical concentrations of these metals 


in waste automotive oil are: 


Concentration 
Metal (by weight) 
Calcium 0.17% 
Zinc 0.08% 
Barium 568 ppm 
Iron 356 ppm 
Vanadium 5 ppm 


Reported average concentrations of other metals include copper (26 ppm), 
magnesium (252 ppm), sodium (148 ppm) and aluminum (11 ppm). It should 
be noted that the Ontario Ministry of the Environment has published 
concentration standards for wastewater discharges of copper, as well as 
for lead (1.0 mg/1), both of which are waste oil contaminants. Ina 
properly operated re-refining plant, however, environmentally significant 
amounts of the metals in the waste oil should not appear in the process 
water stream. Of all the metals present in waste oil, lead has been 
singled out for special treatment in this report because of its toxicity 


and its relatively high concentration in automobile crankcase drainings. 


* It should be recognized that the amount of a give waste generated 
is not necessarily the amount which is released to the environment. 
For example, in the case of S09 and S03, these gases could be 
treated with lime water (Ca(OH) ) for conversion to the more 
"environmentally manageable" calcium salts. 


114 
© 


3.5.5 High Ash Residue 

In the analyses in Section 3.4, the question of whether the high ash 
residue, generated during the two distillation processes, should be 
treated as a product or by-product was not explicitly addressed. This 
fraction, often termed "high ash fuel residue," is so named because it 
burns readily and has a high heat content. It does, however, contain 
a higher lead concentration than that of the original feedstock (3% by 
weight or tee versus 1% in our example analyses). Therefore, its use 
as a fuel without prior removal of the lead or without suitable control 
measures for preventing lead emissions to the atmosphere during its 
combustion may pose environmental risks. Other possible uses, such as 
its incorporation within asphaltic products, appear to pose little, if 
any, environmental threat. Accordingly, it is possible to view the high 
ash residue as either a product or by-product, depending on the type 
and circumstances of use. In the economic evaluations presented in 
Chapter 2, the high ash residue is assumed to have a value as a fuel. 
However, the value has been discounted to reflect the non-combustible 


content, as well as the restricted usage potential. 


3.6 By-product Transport Modes, Receptor Effects and Potential Damage 
I 


mplications 


In addition to rates of by-product formation, a complete environmental 
assessment of any process must address by-product transport through the 
environment and the effects on and damages to exposed populations. The dis- 
cussion below provides a review of these considerations for the important 


by-products generated by the four re-refining processes. 
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In this description the acid content of sludge refers to the amount 
of acid introduced into the process to produce the sludge stream. 

The waste stream is treated as though all the acid is present as 
"free acid." Actually most of the acid is chemically bound to other 
compounds which will lower the water solubility of the acid radical. 
On this basis the values of acid available for soil percolation are 
conservative. The same comment applies to caustic in caustic sludges 


and to a lesser extent to oil in acid and caustic sludges. 


3.6.1 Acid/Clay Process 

The acid sludge generated by this process is the prime environmental ly 
hazardous by-product. Sulphuric acid constitutes about 23% of the 
sludge on a volumetric basis. In terms of weight, this percentage is 
considerably greater because of the high density of the acid. In view 
of its acid content, even independently of the lead constituent (about 
5 ounces per Imperial gallon of sludge), acid sludge is clearly a 
"hazardous waste" as defined in Ontario Regulation 375/70 -9 Operation 
of the reference Acid/Clay re-refinery for a single day would produce 
815 Imperial gallons of waste acid (assuming 18.4 pounds per Imperial 
gallon of sulphuric acid and the use of one pound of acid per Imperial 


gallon of feedstock). 


Land disposal sites are commonly employed as repositories for acid 
sludge. Under Ontario law (The Environmental Protection Act, 1971: 
Part V) the use of waste disposal sites (including their establishment, 
alteration and extension) requires a certificate of approval, or at 


least a provisional certificate of approval. Since sulphuric acid 
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is water soluble, a potential exists for its percolation through soil 
Surrounding the disposal site area. While the acid is toxic to most 
life forms, its damage capability Hould? in a large measure, depend on the 
magnitudes of the resources (e.g. groundwater) and populations at risk in 
the exposure area. The extent of percolation depends on such factors 
as: 

@ Exposure of sludge to rain or melted snow. 


8 Permeability of the disposal site (as determined by soil 
porosity). 


@ The extent of mixing of sludge with other, relatively 
inert wastes which may absorb or otherwise "bind" the acid, 


Percolation of acid through soil can lead to pollution of the underlying 
groundwater. The Groundwater Probability hydrogeologic provincial maps 
issued by the Water Quality Branch of the Ontario Ministry of the 
Environment, indicate that the overburden is principally clay in many 
areas with a depth of a hundred feet or more. In some regions, however, 
the overburden jis predominantly sandy and considerably less thick. Such 
variations may occur within a given county so that is is impossible to 
Geheralizedtd bh respect to Ontario as a whole. However, since the 

risk of infiltration of sulfuric acid releases into underlying ground- 
water is determined by the character and thickness of the overburden, 
these considerations must play a major role in selecting environmentally 


safe disposal areas. 


The practice of mixing acid sludge with dry refuse appears preferable 
to merely "dumping" the waste. In Germany, Sludge deposits in landfill 


sites are alternately layered with refuse material. It is claimed that 
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this method eliminates a significant portion of the potential environ- 


mental hazard.” 


Chemical neutralization of the acid component of sludge by mixing with 
lime is considered to be an attractive approach from an environmental 
viewpoint. However, experimental studies have shown that the quantity 
of lime required to neutralize a given amount of H9S04 in sludge is 
greater than stochiometric calculations would indicate, possibly because 
the acid is mixed with oil residues which interfere with contact between 
the acid and the lime. In general, complete neutralization of the 

acid requires about 2 to 2.5 times the theoretical quantity of lime. 
Sludges neutralized with lime are dry and somewhat lumpy, relatively 


inert and have a pH between 7 and 8. 


Sludge disposal by incineration has been practiced, especially in Europe, 
but is not recommended unless adequate air pollution control measures 

are employed. Acid sludge may be incinerated directly or following 

lime neutralization. In either case, sulfur oxides and metallic parti- 
culates are produced. Without adequate controls these materials will 


be released to the air. 


The lead and oi] components of the acid sludge must also be considered. 
Lead, together with most of the other metals present in the waste oil, 
is converted to the sulfate during the acid treatment. Lead sulfate 

is relatively insoluble in water. A saturated solution at low tempera- 
tures contains about 4 mg lead per 100 ml. Thus, although it is 
unlikely to percolate through soil as ‘readily as sulphuric acid, signi- 


ficant concentrations of lead sulfate in the soil water could result. 


(As a reference comparison, the Ministry of the Environment's Objectives 
for the Control of Industrial Waste Discharges in Ontario set an upper 
limit for lead of 1.0 mg/1, which is only about 1/40th the maximum 
concentration of the metal which could exist in the moisture content of 
soil in the proximity of an acid sludge disposal site.°) It is, however, 
uncertain how much of the lead sulfate may become bound to soil particles 
with consequent limitation of its "migratory" range. With regard to 

lead sulphate, a critical issue in the selection of a diposal site is 

the soil pH. Adsorption is much less pronounced with a pH value of 6 

or less. For example, road oiling in Mississippi, using waste automotive 
crankcase oil, did not appear to induce lead contamination of the local 
groundwater. © (Groundwater is rigorously monitored in this state so 
that it is unlikely that lead contamination would have been undetected. ) 
In any case, leaching of lead into soil in the area of a disposal site 
could result in takeup of the metal by local vegetation. (Increases in 
the normal concentrations of lead in vegetation were noted in the EPA 
Edison Laboratory road oiling experiment. /) The damage implications of 
this possibility are not clear since waste disposal sites certified for 


hazardous materials could not be located close to agricultural areas. 


The oil constituent of the sludge occurs as a component of a tarry mass 
rather than as a freely flowing liquid. Its potential for percolation 
through soil would appear limited. Such percolation as might take place 
would be slow. Further, biodegradation of the oi] by soil microorganisms 
would limit or eliminate the risk of groundwater pollution. In overview, 


it must be appreciated that the "acid sludge problem" derives not only 
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from the inherent toxicity of the sulfuric acid and lead components as 
such, but also from the amounts of these wastes which would be generated 
by an economically sized re-refinery. Assuming that 815 Imperial gallons 
per day of HjS0q4 are consumed and that the re-refinery operates 330 days 
a year (an operation rate used in the base case of the economic evalua- 
tions), about 268,950 Imperial gallons of acid will be available for 
disposal in a single year. The corresponding amount of waste lead 
generated in 330 days of operation would be about 495,000 pounds 
(assuming that 0.125 pounds of lead waste are produced for each Imperial 


gallon of product). 


Use of lagoons for acid sludge disposal has been practiced at several 
locations in the United States. This procedure is not considered 
desirable because (a) it does not offer a permanent solution to the 
disposal problem as it is essentially a postponement measure and 

(b) the lagooned sludge represents an environmental danger due to "acts 
of God," such as storms and floods, as well as human intervention, such 


as errors in design and improper operation. 


As stated earlier, the oily clay does not present a significant environ- 
mental problem. Disposal to landfill is common, although incineration 

is also possible. Incineration of this by-product poses a much lower 
environmental risk than the uncontrolled incineration of acid sludge. 

This is because the clay contains no H»S0q and very little lead or other 
metals. Assuming that 0.66 pounds of oily clay are generated per Imperial 


gallon of re-refined oil produced and that the reference re-refinery 
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operates 330 days per year, approximately 2.6 million pounds of oily 


clay will be produced. 


The wastewater generated during the re-refining process includes an 
endogenous component which was originally a constituent of the feed- 
stock and an exogenous component introduced during processing operations. 
The latter includes water which has contacted oi1, such as condensed 
stripping steam or water from the vent gas scrubber. This component 
does not include surface drainage or blowdown from boilers or cooling 
towers. In all four re-refining processes, the endogenous water com- 
ponent is separated from the light oi] fraction during dehydration of 
the feedstock. The character and concentrations of the pollutants 
contained in the aggregate wastewater may vary considerably, depending 
on the re-refining process and the composition of the feedstock. 
Reliable data pertaining to the quality of process waste water are not 
abundant. A study performed for the U.S. Environmental Protection 
Agency presents analyses of wastewater streams for one oil re-refining 
Operation (Acid/Clay).° The pollutant concentrations shown are suspect, 
however, because the crude sampling methods employed may have produced 
erroneously high values. Also, due to inaccessibility, samples could 
not be obtained at the point at which the wastewater was released 

to the sewer system. The following table shows the maximum observed 
values for the various pollutants together with the Ontario Ministry 
of the Environment's recommended objectives for industrial waste 


discharges into receiving waters. 
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Maximum Ontario 


Pollutant Concentration Recommended Objective” 
BOD 6 mg/1 15 mg/1 
0i1 3,629 ppm 15 ppm 
Phenols 92 ppm 20 ppb 
Suspended solids 401 ppm 15 ppm 


The lowest observed pH was 4.1 which is below the Ontario desired lower 
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On the basis of the Ontario desired effluent quality standards, it is 
clear that wastewater of the above quality could not legally be dis- 
charged into receiving waters. Further, it is unlikely that the waste- 
water would qualify under the restrictions typically imposed by municipal 
wastewater treatment facilities. For example, these restrictions 
normally limit the oil and grease content of wastewaters to 100 ppm, a 
figure far below the maximum oi] concentration listed above. As was 
pointed out, however, the pollutant concentrations which were reported 


may be greatly in error. 


In general, it is unlikely that even under the best attainable operating 
conditions, process wastewater would exhibit sufficiently low pollutant 
concentrations to permit direct discharge to receiving waters. Under 
such conditions, though, a water quality compatible with restrictions of 
municl can waste treatment facilities could be achieved. For example, 
the report cited above presents data for a marine waste oil processing 
operation in which the contaminant levels present in the waste process 
water effluent were well within customary limits imposed by municipal 
treatment facilities. Accordingly, re-refining process wastewater 


should not pose an environmental threat if water quality is monitored 
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at the point of discharge to the public collection system. 
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3.6.2 Extraction/Acid/Clay Process 
The by-products generated in this process differ from those resulting 
from Acid/Clay waste oil re-refining. The differences are: 

a. Less sulfuric acid is used in this method. On the basis of 
operating 330 days each year, the annual output of H5S0 in 
the acid sludge would be about 85,250 Imperial gallons 4s 
compared with 268,950 Imperial gallons in the Acid/Clay 
process. 

b. Less clay is used. The computed annual waste, on the above 
basis, is 1,061,280 pounds as compared with 2;613,600 pounds 
in the Acid/Clay process. 


c. The oil losses to both the acid sludge and the oily clay 
are substantially lower, by 83% and 68%, respectively. 


d. The Extraction/Acid/Clay process generates a high ash 
residue which is not formed in the course of Acid/Clay re- 
refining. This residue contains about 80% of the lead that 
was present in the feedstock. 
The environmental implications of the disposal of acid sludge and oily 
clay were presented in Section 3.6.1. In view of the lower rates of 
generation of these wastes in the Extraction/Acid/Clay process, the 


risk is quantitatively lower. However, the problems associated with 


the safe disposal of 85,250 gallons of acid annually are still appreciable. 


The environmental implications of the disposal of high ash residue 

have already been outlined in Section 3.5.5. The lead content of this 
material is appreciable. In the model re-refinery, the lead content of 
the high ash residue was 15% by weight. In practice it may be even 
higher. Clearly, the environmental risk of improper disposal of the 
residue can be significant. As pointed out, direct burning, in the 


absence of either pretreatment to remove lead or effective measures 
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for the retention of particulates in the flue gases, will result in 

lead emissions to the atmosphere. This is the case whether the residue 
is incinerated for the sake of disposal as such, or whether it is burned 
for its intrinsic heat value. Obviously, those disposal methods which 
permit resource recovery under conditions which minimize lead pollution 
of the ambient air are to be favored. One such method already identified 
is the use of high ash residue in asphalt manufacturing. Another is 

the use of the residue as a fuel in cement kilns. Still another is 
combustion in lead reverberatory furnaces in which lead and the heating 
value of the residue can be recovered. The annual quantity of lead con- 
tained in the residue would be approximately 357,500 pounds. Serious 
consideration of an investment in the Extraction/Acid/Clay process 
should include an evaluation of the economics of lead recovery from the 


high ash residue. 


3.6.3 Distillation/Clay Process 

Neither this process nor the Distillation/Hydrotreating process dis- 
cussed in Section 3.6.4 generate acid sludge as a by-product. Both, 
however, produce caustic wastes and high ash residues which contain 

lead. Operation of the reference Distillation/Clay facility for 330 days 


a year would produce the following wastes: 


Waste By-product Annual Amount 
Caustic to caustic sludge--pounds 440,000 
Oil to caustic sludge, Imperial gallons 44,000 
Lead to caustic sludge--pounds 220,000 
Oil to oily clay, Imperial gallons 24,750 
Clay to oily clay--pounds 660,000 
Lead to high ash residue--pounds 220,000 
Process water, Imperial gallons 687,550 
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The caustic centrifuge sludge generated during this process is 
potentially environmentally hazardous. As in the case of acid sludge, 
disposal is commonly accomplished by landfill. The observations made 
earlier with respect to the possibility of sulfuric acid percolation 
through soil from the disposal site, including the possible contamina- 
tion of groundwater, also apply. Disposal of caustic sludge in an 
unlined and uncovered landfill situated in soil of even moderate 
porosity could result in the leaching of over 220 tons of NaOH per year 
into neighboring ground. With sufficient rainfall or snow runoff, the 


Soil pH would rise substantially. 


Since relevant experimental data are not available, it is difficult to 
make a quantitative comparison of the environmental risks posed by the 
lead contained in caustic and acid sludges. The considerations involved 
in this question are the following: In the case of acid Sludge, most of 
the lead is present as the sulfate, which is relatively insoluble 

(4 mg/100 gms water). In the case of caustic Sludge, the lead can 

react with the NaOH to form lead oxide (PbO). PbO is less soluble in 
water than the sulfate (about 1.7 mg/100 gms water). However, it is 
quite soluble in alkali which suggests the possibility of its percolation 
in dissolved form. The range of lead migration will also be influenced 
by the degree to which it is adsorbed on soil particle surfaces. Lead 
adsorption is reduced at soil pH levels of 6 and less. Thus, although 
lead sulfate from acid sludge is relatively insoluble, its potential for 
migration through soil is less likely to be restricted by adsorption 


than that of lead oxide (PbO) dissolved in NaOH leached from caustic 
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sludge. Experimental data are needed to determine whether the rate 
of percolation of lead sulfate from acid sludge is greater or less than 


the rate of percolation of lead oxide from caustic sludge. 


An additional consideration is the fact that these sludges do not 
consist purely of free H9S0, and lead or of free NaOH and lead. They 
also contain significant amounts of other constituents, particularly 
oil. The percentage of oily constituents, by weight, varies for sludges 


generated in the different re-refining processes examined as follows: 


Sludge Type Percent Oil (by weight 
Acid (Acid/Clay process) 61% 
Acid (Extraction/Acid/Clay process) 43 
Caustic (both distillation processes) 36 


The effect of such relatively high concentrations of oil and oily materials - 
in the sludges is to retard the rate at which the other sludge constituents 


will be leached out by ambient moisture or percolate into the soil directly. 


The high ash residue generated during the Distillation/Clay re-refining 
process is assumed to contain about 50% of the lead contained in the 
waste oi]. On an annual ress. this amounts to 220,000 pounds, or about 
62% of that which is contained in the high ash residue resulting from 

the Extraction/Acid/Clay process. Even at this lower level, its recovery 


as a valuable resource seems to warrant consideration. 


The comments made earlier with respect to disposal of oily clay generated 
during the other re-refining process also apply. However, the oily con- 
stituent of the spent clay amounts to only about 24,750 Imperial gallons 


annually (as compared with 68,750 Imperial gallons for the Acid/Clay 
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process). The annual generation of spent clay is about 660,000 pounds. 


Beneficial applications for this waste should be investigated. 


3.6.4 Distillation/Hydrotreating Process 

This process differs from the Distillation/Clay process in that 
catalytic hydrotreating replaces the clay finishing step. With the 
possible exception of wastewater, the Distillation/Hydrotreating process 
generates smaller quantities of hazardous wastes than any of the other 
re-refining processes investigated. With the exception of spent clay, 
which is not generated as a product in the Distillation/Hydrotreating 


Process, rates of solid waste generation are the same as for the 


Distillation/Clay process. 


3.7 Conclusions 
It is difficult to make quantitative assessments of the environmental 
impacts of the disposal of by-products of re-refining processes without 
“specifying (a) the technical quality of plant operations, (b) the type 
and concentration of constituents in the waste oil feedstock, (c) the 
methods of by-product disposal employed and (d) the populations and/or 
resources at risk in locations where hazardous disposal practices may be 
followed. However, the following qualitative assessments can be made: 
a. Virtually none of the by-products discussed is acceptable 

for direct discharge into receiving waters under Ontario 

law, including waste process water. Such discharges could 

be expected to be lethal to fish and other aquatic organisms 

in the immediate localities impacted by the effluent. The 

extent of damage would, aside from the character of the by- 


product involved, depend on its discharge rate and its 
dilution as a function of distance from the discharge point. 
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b. If monetary and resource costs are not taken into account, 
then any of the re-refining processes discussed in 
this Section could be made "environmentally safe," providing 
that appropriate waste management practices were followed. 


c. In terms of the landfill disposal practice, the primary 
potential transport mode is by percolation through soil 
at the disposal site. Aside from the threat posed to soil 
biota, there is also the possibility of infiltration of 
certain by-products (acid, alkali and metals, particularly. 
lead) into groundwater. The rate of infiltration is dependent 
on the thickness and permeability of the overburden. 
(Effective percolation of mercury,* for example, through 
Six week of silt has been computed to require twelve 
years.” The slowness of percolation is in large part 
due to absorption of the metal by soil during passage. ) 


d. For the acid type re-refining processes, pollutant transport 
by air could be significant if vented oxides of sulfur (S09 
and S03) are not controlled. Sulfur oxides are known to 
cause respiratory disease in humans and numerous animal 
species and are also injurious to vegetation. Specific 
damage effects would depend on the ambient concentrations 
generated and the populations exposed. Under Ontario Regula- 
tion 873/74, the maximum 24-hour permissible concentration 
of SOp in the ambient aiy ig 275 ug/m3 (the equivalent U.S. 
Pen standard ae. 166 ug/m?).3 

Propane releases to the atmosphere, which occur in the 

Extraction/Acid/Clay process, do not pose a significant 

environmental hazard. The Ontario regulation cited above 

does not contain a standard for ambient hydrocarbons. 


e. By considering the inherent environmental hazards associated 
with the by-products discussed, it is possible to arrive 
at a rank ordering which reflects the relative levels of 
these hazards. (Note the qualification implied in the word 
"inherent," above, because the actual hazard will depend on 
the by-product control or disposal method as well as on the 
identity of the waste. ) 


The listing that follows proceeds from the most inherently 
environmentally hazardous to the least hazardous. 


e Acid sludge (ranking based on H2S0q4 and lead content). 


@ Caustic sludge (ranking based on NaOH and lead content). 


* An "effective percolation" of mercury is a 50% concentration at a 
six foot depth. 
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@ Sulfur oxide emissions (ranking based on known biotic 
effects). 


@ High ash residue (ranking based on lead content). 


@ Spent clay (ranking based on intrinsic inertness of 
the clay, although the oi] constituent is not environ- 
mentally bland). 


@ Process wastewater (ranking based on the consideration 
that most process wastewater discharges should be 
acceptable to municipal facilities). | 


@ Propane, hydrogen (releases which may occur are not 
regarded as environmentally significant). 


Lead is considered to be one of the most toxic of the process 
by-products but is not ranked independently here because it 
occurs in association with other wastes. 


The Ontario water quality regulations, applicable to streams, 
set an upper limit of 50 ppb for lead, which is a measure, 
of the environmental concern associated with this metal. 
Unlike some toxic pollutants (e.g., S02), lead tends to 
accumulate in organisms, including man, on repeated exposure 
so that even quite low doses, if repetitive, can be signifi- 
cant. The polynuclear aromatics (PNAs) associated with waste 
oil, some of which are known to have carcinogenic implications, 
were not discussed in this analysis because of insufficient 
data related to specific re-refining processes. They are, 
however, treated in the following Chapter of this Report. 


On the basis of the analysis presented in this Section, the 
oil re-refining processes considered are ranked below in terms 
of decreasing potential environmental effect. 


Acid/Clay Process Ranking based on the generation 
of the largest volume of lead- 
containing acid sludge and on 
the potential for sulfur oxide 
emissions. 


Extraction/Acid/Clay Process Ranking based on reduced use of 
sulfuric acid with consequently 
lower generation of acid sludge 
and of sulfur oxides. Although 
the sludge contains relatively 
less lead, this is offset by the 
lead-containing high ash residue. 
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Distillation/Clay Ranking based on elimination 
of H2S0q4 as a process ingredient 
with consequent elimination of 
acid sludge and sulfur oxide 
emissions. 


Distillation/Hydrotreating Ranking based on the elimination 
of spent clay as a waste by-product. 
This is considered to be only a 
marginal advantage over the Distil- 
lation/Clay method because the 
spent clay is a space-occupying 
nuisance rather than a serious 
environmental hazard. 


In terms of Ontario regulations, haphazard releases or careless 
disposal of most of the by-products considered would constitute 
violations. Conversely, as stated earlier, if costs are ignored, 
any of these processes could be brought into conformity with the 
regulations. The question is really that of the relative ease 
of accomplishing such conformity, as well as the magnitude of 
hazard involved in the event of failure of one or more control 
technologies employed (e.g., emissions controls, impervious 
disposal site liners, etc.). From this viewpoint, either of 

the distillation methods is preferred with some advantage 
accorded to the Distillation/Hydrotreating process. 
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4. SURVEY OF ALTERNATIVE AVAILABLE TECHNOLOGY FOR DISPOSAL OR USE 

OF WASTE OIL, INCLUDING ANALYSIS OF ENVIRONMENTAL IMPACT 
This chapter addresses alternative methods of waste oi] "disposal" 
or "use" other than re-refining. In the context of this discussion, 
"disposal" methods are those which address waste oi] not as a potential 
resource but Pathe as a burden. "Use" technologies, on the other hand, 
are aimed at the recovery of some economic value inherent in the oil, 


whether this be in the form of energy or material. 


In this study, the "disposal" methods reviewed are: 
a. Biodegradation by soil microorganisms. 


b. Thermal destruction without useful heat recovery. 


"Useful" or potential applications of waste oi] examined here include: 
a. Blending with fuel oil. 
b. Blending with coal. 
c. Use as a fuel in pe ae plants. 
d. Use as a fuel in municipal waste incinerators. 
e. Use in asphalt manufacture. 
f. Use as a dust suppressant road oil. 


g. Blending with diesel fuel. 


The above methods and technologies are summarized and assessed, as 
available data permit, in terms of their environmental implications. 
This review is based, in large part, on published reports of experiments 


designed to test these disposal and use methods. These reports vary 
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considerably with respect to the comprehensiveness and depth with 
which the technologies discussed are analyzed. In some instances, 
the information presented is essentially qualitative. Where quanti- 
tative data are provided, these often relate to specific demonstra- 
tion projects and thus reflect particular sets of experimental con- 
ditions which may not be applied uniformly. Further, these data are 
usually insufficient to permit as comprehensive an evaluation as 
desirable of the environmental effects of the method or technology 
addressed. For example, various studies have been performed 

of the use of waste oi] as a fuel. In most ‘ueaheds these studies 
included consideration of lead emissions to the atmosphere during the 
fuel burn and, in some, during soot blowing. However, the possible 
implications of waste oil PNA content are not addressed explicitly, 


even from a qualitative viewpoint. 


The following discussions in this chapter survey the various waste oil 
disposal and use options identified above, with emphasis directed to 
their apparent or prospective environmental impacts, as opposed to their 
technological details. Where feasible, these impacts are assessed in 
terms of prevailing Ontario environmental regulations and standards. 

The discussions of individual disposal and use options are followed by 

a summary evaluation in which the alternatives are categorized on the 
basis of the degree of potential environmental hazard they present. 

This chapter concludes with a consideration of waste oi] PNA content and 


its possible implications. 
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4.1 Waste 0i1 Disposal Alternatives 


4.1.1 Biodegradation by Soil Microorganisms 

This disposal method consists essentially of land spreading conducted 
under conditions which favor biodecomposition of the oil. As is true 
for thermal destruction, biodegradation has as its objective the dis- 
posal of waste oil and includes no provisions for the recovery of any 


of the potential values inherent in the material. 


Biodecomposition of oi] is accomplished far more effectively by 

aerobic than by anaerobic organisms. Therefore, appropriate cultivation 
methods must be employed both to insure that the oil is adequately 
intermixed with the topsoil layer and that this mixture is 

sufficiently dispersed (i.e., not compacted) to permit the 

percolation of air throughout the oily soil. It should be noted 

that the required intimate contact between the oil and the soil 
particles may to some degree interfere with oxygen transport to 


the soil microorganisms. 


Fertilization of the soil for the provision of adequate nutri- 

tional supplies to the microorganisms increases the rate of the biode- 
gradation process (see Kincannon report cited below). This has been 
proven as one aspect of experiments conducted by several organiza- 
tions, including Humble 011 Company, Shell 011, Marathon Oil and the 
American Petroleum Institute. An account of biodegradation studies 
conducted by Shell 0i1 under the sponsorship of the U. S. Environmental 


Protection Agency is provided in the project report entitled "Oily 
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Waste Disposal by Soil Cultivation Process," by C. Buford Kincannon, 
December 1972 (EPA-R2-72-110). An important finding of these studies 
was that, without the addition of fertilizer to the soil, the oil 
decomposition rate was 0.5 Ibs/ft?/month, under the prevailing 
climatic conditions of Deer Park, Texas, where these experiments 

were performed. When fertilizer was used, the rate was about doubled. 


The depth of soil cultivation and oil/soil intermixing was six inches. 


The environmental hazards associated with biodegradation, which may 

be due . the lead content of the oil, are probably low, provided 

that the method is employed in areas where the soil is a finely 
textured clay and where the soil is only slightly acidic, or preferably 
alkaline; the average pH should be at least six. These factors would 
tend to inhibit appreciable lead transport through the soil beyond 

the disposal site area both by reducing its percolation rate and by 


favoring adsorption of the metal on soil particles. 


The likelihood of lead contamination of underlying groundwater should, 
accordingly, be quite low under such conditions. Rainfall runoff may 
possibly present a more serious source of environmental concern. For 
example, in the Shell studies, runoff water analyses indicated oi] 
contents ranging from 30 to 100 ppm. This range greatly exceeds the 
concentration limit of 15 ppm specified by the Ontario Ministry of 

the Environment and is therefore unacceptable for discharge into 
streams or other receiving peare Furthermore, it is also probable 
that the oi] content of the runoff could exceed concentrations con- 


Sidered acceptable for treatment by municipal wastewater processing 
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facilities, so that diversion of runoff waters into local sewer systems, 
if such exist near biodegradation disposal site areas, might be objec- 
tionable. For example, the municipal laws of Ottawa set an upper limit 
to the concentration of oi] in discharges to sewers of 100 ppm; those 
of Windsor provide for no allowable concentration; and those of 

Toronto specify that materials soluble in petroleum ether (this 

includes oils and greases) present in discharges to sanitary sewers 

may not exceed 150 ppm, while discharges to storm sewers are limited 


to 15 ppm. 


An additional problem with waste oi] disposal by biodegradation is the 
large land area required. On the basis of the decomposition rates 
(assuming no use of fertilizer) and mixing depth reported by Kincannon, 
an area of about 1200 acres would be required for degradation of one 
million Imperial gallons of waste oil per month. For most of the year, 
rates of biodegradation would be much lower in Ontario than in Texas. 
Hence, larger land areas would be required. Land used for biodegrada- 


tion would not be available for other, more productive uses. 


In view of these considerations, it appears advisable that waste oi] 
disposal by biodegradation be approached with caution. Disposal facili- 
ties should include provisions for runoff water collection and treat- 


ment to remove most of the oil content prior to its release. 


4.1.2 Thermal Destruction 
Thermal destruction of waste oil--that is, incineration without useful 
heat recovery--is open to criticism on two grounds. First, it repre- 


sents a resource loss for which no compensating benefit is received. 
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Second, this method inevitably releases pollutant emissions to the air. 
One Imperial gallon of waste crankcase oil may contain 0.09 pounds of 
lead. Assuming that half of this is emitted during oil burning, the 
combustion of a relatively small quantity per day (for example, 1,000 
Imperial gallons ) could, in the absence of adequate stack particulate 
emission controls, raleeee 45 pounds of lead to the atmosphere. The 
matter of ground level lead concentrations resulting from waste crankcase 


oil burning is addressed in Section 4.2.1, below. 
4.2 Waste Oi] Use Alternatives 


4.2.1 Blending With Fuel Oi] 

The blending of waste oil with fuel oil for heat content recovery is a 
fairly well established practice whose attractiveness may now be grow- 
ing because of the escalating costs of new petroleum stocks and increas- 
ing demands for energy. The effect of the combustion of waste 0i1/fuel 
011 blends has been investigated in several studies during the past few 
years. In these studies waste oil/fuel oil blends were burned in steam- 
electric plant boilers, industrial steam boilers and small home oi] 


burners. Some of the best documented of these test burns are listed below: 


% Lead 
% % Emitted 
Performing Waste Oi] Lead In Feed (of lead 
Organization Test Facility _In Feed Waste Oil feed rate) 
Mobil Oi] Steam boiler 5.0% 1.0% 50% 
Shell Oi] Steam boiler 75.0% 0.5%-1.0% 31% 
Gulf Oi] Home burner 25.0% Lal 28% 
Hawaiian j 
Electric Co. Utility boiler 7.5% 0.45% 25%-29% 
Aberdeen Proving 
Grounds, Edge- - 
wood Arsenal Steam boiler 30.0% 0.67% 3% 


Esso Research and ; 
Engineering Steam boiler 100.0% 0.4%-0.6% less than 50% 
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These waste oil combustion experiments differ markedly with respect to 
various factors which influence both operating performance and 


local ground level lead concentrations. Among these factors are: 


Total fuel feed rate Ranges from 6.25 Imperial gallons/hour 
to 1,580 Imperial gallons/hour 

Soot blowing performed In two out of the six cases 

Type of virgin fuel #6 in three cases; #2 in two cases 

Stack height Ranges from 15 feet to 137 feet 


In addition, the percentages of waste oil incorporated in the fuel 
tests were in some instances considerably above those anticipated 
in normal practice. On the basis of these studies and in the light 
of more extensive routine operating experience, the following broad 
generalizations can be made: 


@ The combustion of waste o0i1/fuel blends has been shown 
to be technically feasible. 


e Where operational problems arise, these are usually 
traceable to the high metallic content of the waste oil. 


@ Pre-treatment of the waste oi] (before blending) to 
remove the bottom sediments and water (BS & W) would 
probably eliminate many of the problems reported. 
(Clogging effects, feedline freezing in cold weather, 
and intractable ash deposits in the vicinity of the 
burner have been noted. ) 


e The percentage of the lead contained in the waste oil 
feed that is emitted with the flue gases varies over a 
considerable range, depending on the extensiveness of 
heat transfer surfaces and other factors. It is 
usually less than 50%. However, from an environmentally 
conservative viewpoint, it is reasonable to assume 50% 
as a working assumption. 


With the exception of the PNAs, the lead emissions to the atmosphere 
are considered the greatest environmental threat associated with the 


combustion of waste oil/fuel oil blends. The lead constituent used 


in crankcase oils results from combustion of gasoline containing tetra- 


ethyl lead and other additives destgned to increase octane ratings. 


If the costs of waste ot] pre-treatment to remove the lead could be 
significantly offset through recovery of the lead, the procedure might 
prove operattonally as well as environmentally cost-effective. This 
possibility must, of course, be evaluated in the context of the de- 
creasing use of leaded gasoline, which will attenuate the problem over 


the long term. 


The environmental significance of lead derives from its toxicity, 

which is compounded by the fact that the metal ts stored in bone and 

is not readily eliminated from the body. Repeated exposures tend, 
therefore, to be cumulative in their effects. At low dosages--that is, 
at levels below those associated with overt toxic effects--borderline 
neurological symptoms may appear, usually taking the form of mild 

motor disturbances. At higher body concentrations, the consequent 
physiological effects are more sertous and may include damage to kidney 
function, increased red blood cell fragility with resulting hemolysis, 
mental retardation in the young, and more profound disturbances of motor 
function accompanied by sensory impairment. Lead intoxication tends to 
be chronic and fatal.. The significance of lead as a toxic agent far 
exceeds that of other metals present in waste ot] (at the concentration 
levels at which they occur) and it is for this reason that discussions 
in the literature of methods of waste oi] disposal or use so frequently 
consider the question of actual or potential releases of lead to the 


environment. 
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Under "normal" condittons some small amounts of lead do enter the body 
by ingestion and by inhalatton. Estimates of these amounts have been 


made, but it ts difficult to assess their reliability. 


Measurements of the particle size distribution of emitted lead (as well 
as of other metals) performed during the Esso Research and Engineering 
waste oi] combustion study show that 76% to 79% of the lead fell 

within a particle size range of less than In, 16% to 21% of the measured 
particles were within ly to 10u, and less than 4.5% were larger than 

10u. From a health effects viewpoint, the significance of this distri- 
bution derives from the prevailing belief that while larger size 
particles, on inhalation, tend to be expelled from the airways by 
cilliary action, smaller particles, particularly of submicron dimensions, 


are more prone to be retained and to reach the alveoli. 


Lead emission rates during soot blowing may be greater than those 
associated with waste oi] combustion, as shown by tests conducted by 
both Shell O71 and Humble OT] and Refining. On the other hand, the 
sizes of the particles emitted during soot blowing are usually much 
larger than those released during oi] burning, so that, while the 
ground concentrations of lead during the former operation are higher 


near the stack, the significant dispersion range may be less. 


GCA Technology Division has expressed the opinion that the maximum 
ground level concentrations of emitted lead can be held to 0.2 ug/m> for 
industrial boilers burning waste oil] at rates up to 300 Imperial gallons/ 
hour as a blend component. * Further, GCA's calculations for a 560- 


megawatt power plant with a combustion rate of 25,833 Imperial gallons/ 
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hour show a maximum ground lavel concentration of lead of 0.15 a/m. In 
these calculations, waste oil was assumed to have a lead content of 1 per- 
cent (wt) and to constitute 5 percent of the blend, the balance being No. 6 
residual oi1. GCA's evaluation suggests that waste crankcase oi] combus- 
tion should be confined to large industrial and power-generating facili- 
ties whose stacks are characteristically high, as opposed to residential 
~and commercial oil burners whose emissions escape via relatively low chim- 
neys which would favor higher ground level lead concentrations. Actual 
ground level concentrations depend upon stack height, meteorological con- 
ditions and terrain slope as well as the rate of lead emissions and the 
exit gas temperature and velocity. Therefore, in the absence of site 
specific data, it is difficult to make general statements regarding 
maximum ground level concentrations of lead resulting from combustion of 


dilute blends of waste oil in fuel oil. 


However, it can be argued from a conservative environmental viewpoint 
that any addition to the "normal" atmospheric lead burden is inherently 
Objectionable (independently of whatever governmental standards may have 
been set) and that, therefore, any reduction in lead emissions resulting 
from waste oil combustion which can be technologically achieved (e.g., 
pre-treatment for lead removal or use of emissions control devices) is 
desirable. This position is not dissimilar to that of the U.S. Environ- 
mental Protection Agency, which favors reduction of any "presentable" 


lead emissions. 
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In.a practical sense, the available data support the view that the 
combustion of waste 0i11/fuel oil blends, under appropriate conditions, 
does not present a lead-related threat to health, based on probable 
maximum ground level concentrations. In terms of total emissions, the 
combustion of one Imperial gallon of waste oi] would release about 
0.045 pounds of lead to the atmosphere, assuming that there are no par- 
ticulate controls and that 50% of the metal escapes with the flue gases. 
In the case of a facility burning 300 Imperial gallons/hour of blended 
waste oil, the annual amount consumed would approximate 600,000 Imperi- 
al gallons, which would correspond to a total of 27,000 pounds of lead 
releases. The environmental significance of this in itself is difficult 
to assess. However, in view of the fact that much of the lead emitted 
(70%) occurs as submicron size particles with long suspension half- 


lives, extensive dispersion with consequent dilution would be desirable. 


From a conservationist viewpoint, these releases would represent a 
resource loss of about 13 tons of lead; an examination of the economics 


of waste oi] pre-treatment for lead recovery would be desirable. 


The sulfur content of waste crankcase oil is lower than that of 
fuel oils. Therefore, its use in fuel blends will reduce the emission 


of sulfur oxides. 


4.2.2 Blending With Coal 

Probably the best-documented study of waste oil/coal blend combustion 

was that performed by the Northern States Power Company, Minneapolis, 

Hinnesotaldukite the latter part of 1973. The blend weight ratio was 


about 3% 011/97% coal, with a total fuel feed rate of nearly 60 ,000 
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pounds per hour. The feed rate of the oi] component was, therefore, 
about 200 Ga IS gallons per hour. During the testing period of 
several days, it was estimated that 24% to 61% of the lead content of 
the fuel (4.4 ppm (wt) in coal; 3,120 ppm (wt) in oil) was emitted 

with the flue gases during combustion. The most signficant finding 
emerging from these experiments was that the electrostatic pre- 
cipitation system, routinely used in the facility, held the lead releases 
to the atmosphere to less than 1% of the total lead present in the fuel 
(compared with up to 50%, as conservatively estimated previously for the 
combustion of waste oil/fuel oi] blends). In correspondence from 
Northern States Power to the American Petroleum Institute regarding 
these combustion tests, it was eraedetha? the lead release rate was 
never greater than 0.0071 pounds/hour. This is equivalent to the lead 
emission rate which would be expected from burning 0.14 Imperial gal- 
lons of waste oi] in an oi] burning type of facility over the same 


period. 


The low levels of lead release experienced in the Northern 

States Power study are attributable to (a) the relatively high 

ash content of the coal, which may approximate 10% by weight and 

(b) the probable adsorption of metal oxide particles on the fly ash 
surfaces. Electrostatic precipitation is considered to be more effec- 
tive for particles above lu than those below this size. The fly ash 
particles are considerably larger than most of the PbO particles so 
that precipitation of the latter would be considerably facilitated by 


their adsorption on the fly ash. 


As noted in Section 4.2.1, neither electrostatic precipitators nor 


other particulate control devices were employed during the waste oil/ 
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fuel oi] blend combustion tests because the oil burning facilities 
employed are not customarily so equipped. The ash content of residual 


fuel oi] is only about 0.25% (i.e., 1/40th of that of coal). 


As the above study obviously suggests, the blending of small amounts of 
waste oil with coal for fuel use does not present a health hazard, due 
to atmospheric lead emissions. However, the ultimate fate of the lead 


adsorbed on the captured fly ash was not addressed in this study. 


4.2.3 Waste Oi] as a Cement Plant Fuel 

The combustion of waste oil in a dry process cement plant was systemati- 
cally examined in experiments conducted by the St. Lawrence Cement 
Company, Ltd., during the first half of 1974, with the active collabora- 
tion of the Ontario Research Foundation, Environment Canada and several 
other organizations. A report of this study, entitled "Experimental 
Burning of Waste Oi] as a Fuel in Cement Manufacture," June 1975, was 
issued by the Environmental Protection Service, Environment Canada 

(EPS 4-WP-75-1). The two goals of the project were to determine (a) 

the environmental effects of waste oil combustion as a dry process heat 
source for the kiln and (b) whether waste oil contaminants would 


adversely affect product quality. 


Under normal conditions, No. 6 fuel oil is fired in the kiln. Reference 
emissions data were obtained before and after the experiments using 

this fuel alone. During actual tests, waste oil, having an average 

lead content of 0.6%, was blended with No. 6 oil. The burn rates of 

the waste oil component ranged from 22,720 Imperial gallons/hour to 

592 Imperial gallons/hour. Material balance analyses showed that most 
of the lead in the fuel (about 75% to 85%) was ultimately incorporated 


0 
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within the clinker; about 9% was found in the conditioning tower solids; 
and about 4% appeared in bypass dust which is collected from the electro- 
Static precipitator and discarded. Reported stack lead emissions showed 
a maximum value of about 0.05% of the lead contained in the waste oil. 
These are extremely small in comparison with the 50% of the fuel lead 
content which may be released when blends of waste oil and fuel 

oi] are burned in industrial and utility boilers. In absolute terms, 
the resulting ground level lead concentrations were computed to be 

less than 0.01 ug/m>, a figure well below Ontario criteria. The 
corresponding lead uptake rate by inhalation, based on the analysis 
presented in Section 4.2.1, would be only about 1 ug/day. This rate 


is assessed to have no adverse health implications. 


Mass balance studies of bromine, which were also performed, indicated 
that the emissions of this element to the atmosphere were about 0.7% 

of the amount introduced in the waste oi]. On the assumption that 

mest of the bromine is emitted as KBr, and based on a waste oil bromine 
content of 0.1%, the graund level concentrations should not have 
exceeded 0.02 ug/m>, This is only a tiny fraction of the maximum 


allowable concentration of bromine under Ontario Criteria.* 


In order to assess the possible effects of lead content which might 
impair the quality of the cement produced during waste oil burns, 17 
samples were examined. The percentage of lead ranged from 0.0014 to 
0.007. The results of various tests applied to the cement (for 
example, measurements of compressive strength) showed no correlation 
with lead content and no indication of any correlation with the 


amount of waste oil] burned. 
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Over all, the use of waste 011 as a cement plant fuel appears to be 

quite attractive. The data suggest that this use alternative induces 

no deleterious effects on the product and that its environmental 

impacts of metals and bromine contained in the waste oil are virtually 
nonexistent. The report also states that cement manufacturing plants 

are frequently located near populous areas, which should favor the availa- 


bility of waste crankcase oi] supplies. 


4.2.4 Used 0i1 as a Fuel in Municipal Waste Incinerators 

This application of waste oil is potentially appealing because it 
appears to offer a common solution to two significant disposal problems. 
To date, there have been at least two relatively detailed studies of 
this application, both of which were addressed primarily to the ques- 
tion of technological feasibility. One of these studies was performed 
under the sponsorship of the City of Bremerton, Washington and is 
described in a report entitled "Sewage Sludge Incineration for the City 


nd The combustion facility used was a fluidized bed 


of Bremerton. 
incinerator equipped with a water scrubber for the removal of particu- 


late matter from the exhaust gases. The major conclusions were: 


) The use of waste crankcase oi1 as an auxiliary fuel to 
support sludge combustion was entirely feasible. 


a Preheating of the incinerator (by natural gas) to 1,000° F. 
was necessary prior to burning waste oil in order to pre- 
vent clinker formation. 


a An atomizing type of nozzle was necessary for satisfactory 
combustion of the oil. 


@ Preliminary removal of solids from the waste oil by fil- 
tration is recommended. 


The report does not provide specific data with respect to emissions. It 


does include two qualitative statements relating to emissions, as 
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follows: 


"Gaseous pollutants emitted from a fluidized bed sludge incin- 
erator are well below the Puget Sound Air Pollution Control 
Agency's emission standards and thus require no treatment." 


" . . . results of size distribution analysis made on exhaust 
particles suggest that particulate matter can be effectively 
controlled by a number of methods, including water scrubbing." 
In connection with the latter statement, a particulate control system 
made by the Baker Filtration Company, Los Angeles, California, which 
combines wet sand filtration and water scrubbing, is said to remove 
effectively both large particles (over Iu) and those of submicron size. 
Test results indicate efficiencies (in terms of particulate retention-- 


i.e., the fraction not emitted) ranging from 85% to 100% for various 


applications. 


A second study conducted by GCA Technology Division for EPA focused on 
the use of waste oi] as a fuel for the combustion of wet refuse.° 
Three approaches were examined: 

1. Direct mixing of the waste oi] with the refuse. It was 
considered that this method posed the possibility of 
smoke generation. 

2. Preheating underfire air. GCA assessment was that this 
method, though attractive in itself, would probably not 
provide the total required heat to the refuse bed and that 
"jt would be best applied in conjunction with one of the 
other specified techniques." 

3. Use of auxiliary burners above the refuse bed. 


This latter approach was favored and selected for further examination. 


GCA concluded that method No. 3 was entirely feasible, provided the 
conditions of long flame length, high flame temperature (over 2,000° F.) 
and close spacing of the flame to the refuse surface were maintained 

in order to assure transfer of sufficient heat flux to the refuse bed. 
Various burners were investigated, with the result that only atomizing 


types were found suitable for this application. (This is consistent 
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with the findings of the Bremerton study summarized above.) Several 
atomizing burner tests were conducted in which waste oi] was burned 
for eight-hour periods at flow rates ranging from 7.5 to 21 Imperial 
gallons per hour. Temperatures up to 2,650 were produced. Observers 
of these tests, including EPA personnel " . . . agreed that from visual 
inspection the fuel appeared to burn extremely clean. In fact, it was 
felt that it burned significantly ‘cleaner’ than comparable residual 


fuel oils." No burner plugging was observed during operation. 


Actual tests to determine fuel requirements per unit weight of wet 
refuse were not included in this program but were recommended for 
inclusion in future studies. However, theoretical calculations were 
made of these requirements and then multiplied by a factor of 2 to 
provide a conservative estimate. On this basis, the indicated waste 
oi] fuel requirement is approximately 0.62 Imperial gallons/ton/day 


of incinerator capacity. 


Ground level lead concentration calculations were made for an inciner- 
ator burning waste oi]. The assumptions included: 
% Incinerator capacity of 400 tons/day. 


e Waste oil] burning rate of 2,250 pounds (about 250 
Imperial gallons) per hour. 


@ Lead content of 1% by weight. 
@ Lead out/lead in = 50%. 


@ Stack height of 100 feet. 
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Calculations based on an eight-hour/day operation for seven days 
per week showed a three-month (for the winter season) maximum 


ground level lead concentration of 0.05 yg/m°, 


4.2.5 Waste O71 Use in Asphalt Manufacture 

The use of waste oi] in asphalt manufacture is a fairly well establish- 
ed practice which differs from those arene discussed in: that the 
recovered value is primarily in the form of material rather than of 
Ana In the United States, for example, the Edgington 0i1 Company, 
Long Beach, California, has been processing crankcase drain oi! for 
over twenty years. Process derivatives are used for making asphalt 
flux and liquid asphalt products. The method employs two steps, as 


follows 


a. Dehydration 


The oi] temperature is raised to 2000s by pumping 
the oil through a heat exchanger using steam as the 
heating agent. A demulsifier is added and the mixture 
is centrifuged. The water and solids are removed from 
the oil in separate streams. The centrifuge sludge 

is pumped to a holding tank and skimmed to recover oil 
on the surface. 


b. Distillation 


The dehydrated oi1 is heated to between 600° and 625° 
F. and passed to the first of two distillation towers. 
The lighter portion passes to the second tower, 

where it is refluxed and separated into top (more 
volatile) and bottom (less volatile) components, 
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The bottom product of the first tower represents about 55% to 60% of 
the waste oi] feed. Its viscosity is high and, according to Edgington, 
; . is beneficial when blended with asphalt to make a flux for 
certain oxidized asphalt products." The top product of the second foes y 
tillation tower is described by Edgington as ".. . a cutter stock low 


in sulfur, aromatics and olefins content which is used for liquid 


asphalt products." 


The bottom product of the second tower (i.e., the intermediate frac- 
tion), has a typical thermal content of 19,500 Btu/1lb and is used as 

a fuel. The metals present in the waste oi] after centrifuging are 
virtually all retained in the first tower bottoms. The asphalt flux, 

in which this fraction is used, is said not to be impaired by the 

metal content which, in any case, is quite low. One analysis showed 

an aggregate metal concentration of less than 20 ppm, with lead account- 


ing for 8.2 ppm. 


The method described here, including waste oi] processing and the 
incorporation of processed oil fractions within asphalt or related 
materials, does not appear to cause any significant releases of either 
lead or process chemicals. The Edgington method, it should be noted, 
does not use either sulfuric acid or caustic. Provided that process 
water is suitably treated prior to discharge, the process should be, 
on the basis of available information, free of any significant adverse 


environmental effects. 


150 QO 


4.2.6 Waste Oil as a Road Dust Suppressant 

The application of waste oil to road surfaces as a dust palliative or 
suppressant is widely practiced in Canada and the United States. 
Although this application is considered by some as environmental ly 
undesirable, there has been surprisingly little research performed 
which would permit an objective evaluation. Most of the discussions 
of road oiling in print consist essentially of restatements of 

the findings and conclusions resulting from a U.S. EPA study con- 
ducted by its Edison (N.J.) Water Quality Research Laboratory. An 
account of this investigation is presented in a report entitled "Run- 
off from Rural Roads Treated to Suppress Dust," October 1972 (EPA-R2- 
72-054). The key findings were: 

a. Of the total oi] applied to the test road surfaces, about 
25%-30% was removed or lost through such mechanisms as 
adhesion to vehicles, biodegradation and volatilization. 
About 70% to 75% of the oil left the road surface by rain 


runoff and dust transport. About 1% remained on the road. 


b. Theoil remaining on the road surface was mainly confined to 
the top one inch. 


C. The oiled road surface contained about 209 mg/kg lead. The 
lead concentrations reported for the unoiled sections were 
about 39 mg/kg. 

d. Soil and plant samples in the vicinity of the oiled road 


surfaces contained lead concentrations which were higher 
than normal background levels. 


Criticisms of this study are not so much addressed to its experimental 
results as much as they are to implications conveyed by the report 


to the effect that significant oil runoff is a generic consequence of 
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road oiling and that the only unresolved question is the magnitude of 


its ecological significance. Such implications are suggested by report 


recommendations which state: 


"Further study to determine the quantity of waste oils that 
actually leave the roads should not be undertaken at this 


time. 


The fact that the oi] leaves the road is clear; pre- 


cise quantitation is not easily achieved." 


"Further study should be undertaken to determine the ecolog- 
ical consequences of runoff oi] and its accompanying heavy 
metals, including lead." 


The final recommendation is to the effect that, if "ecological harm" 


is shown to be a consequence of road oiling, other dust control methods 


should be defined. Critics of this study who believe general con- 


clusions cannot properly be drawn from its results typically base 


their position on two elements of the study's experimental design: 


t, 


The test road surfaces were largely clay or of clay- 
like composition and, therefore, of low porosity. (This 
would inhibit penetration of oi] into the surface, which 
would obviously favor rain runoff.) 


The rate at which oi] was deposited per unit surface was 
0.45 gallons (U.S.) per square yard. (This is about 
double that used in typical practice. For example, 
Canam 011 Services, Breslau, Ontario, in its "Special 
Bulletin," dated February 1973, proposed a "normal" appli- 
cation rate of 0.2 to 0.25 Imperial gallons/yd2. Ifa 
given area of road surface of a particular porosity can 
take up or absorb a certain quantity of oil within some 
time period, the application of an amount of oi] sub- 
stantially above this quantity will leave an excess on 
the road surface. The presence of this excess amount 
will increase the ratio of the oil transported by rain- 
induced runoff to the quantity originally applied. ) 


Mr. Al Smith, Chief, Environmental Emergency Branch, EPA Regional 


Office IV, Atlanta, Georgia, has pointed out (private communication 


to Teknekron) that in road oiling (using waste crankcase oi1), as 
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commonly practiced in certain parts of Mississippi, the oil deposition 
rate is about 0.17 Imperial gallons per square yard. Many of these 
Oiled roads have an applied "topping" about six to nine inches thick. 
This topping, which consists of a mixture of alluvial soil and granular 
clay, iS considered to be quite porous. In his own experience, 

Mr. Smith has seen no evidence of any appreciable runoff from oiled 
road surfaces of this type. Further, groundwater, which is conscien- 

| tiously monitored by the State of Mississippi, has been consistently 
free of lead contamination in the areas in which road oiling was 


routinely performed. 


The limited amount of experimental data available thus far does not 
provide an adequate basis for formulating general conclusions with 
respect to the level of environmental hazard that road oiling may 
‘present. In fact, a generalized evaluation of this kind may be 
inherently impossible to support. Accordingly, it is conceptually 
more realistic to assess this hazard as a function of the particular | 
conditions associated with specific road oiling operations. Such 
conditions would include the nature of the road surface, character 
of adjacent soil (pH and porosity), properties of the applied oil 
and its rate of application (volume per unit road surface area), 
local topography, precipitation, temperature, and the presence or 
absence of nearby surface water bodies. In principle, it seems 
feasible, provided that sufficient information can be acquired, to 
develop criteria for at least the more important of these factors 
in order to define those sets of conditions under which road oiling 


may be performed with relative environmental safety and those under 
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which the probability of hazard is sufficient to warrant its discourage- 
ment or prohibition. The establishment of such criteria would obviously 
require the undertaking of appropriate experimental studies designed to 
augment the inadequate existing data base. This approach is directly 
counter to the position expressed in the Edison Laboratory report which 
does not recommend that new oi] runoff investigations be conducted. 
However, it is not clear how the second recommendation of this labora- 
tory, namely the further study of the ecological effects of road 

oiling, can be meaningfully pursued in the absence of more complete 
information and data regarding runoff and other modes of waste oi] 


transport. 


The principal ways in which deposited waste oil and/or its constituent 
pollutants are believed to be transferred from road surfaces to 
neighboring cites are: 

# By precipitation induced runoff (flotation). 


@ By airborne transport, possibly in association with 
dust particles. 


8 By percolation or migration through soil. 
Other mechanisms which may cause 0i]1 to leave road surfaces, but which 
may be of less consistent potential ecological significance, include: 


® Direct oil runoff as a consequence of excessive 
application. 


® Volatilization. 
e Contact with vehicle tires resulting in adhesion 
and/or splash. 
Runoff due to rainfall may cause waste oil to be transported to 
nearby streams or other water bodies and to adjacent soil. Obviously, 


meteorological and topographic factors, as well as the quantity of 
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residual oi] exposed on the road surface, are among the more important 
factors determining the extent of this effect. Percolation through 
Soil of waste oil and of its contained lead may be expected to occur 
as a consequence of runoff (and to some degree as a consequence of 
rire splash). The extent of such percolation will depend, in large 
less a threat with respect to extensive oil diffusion than ‘might 

_ appear, because this would also favor the circulation of air through 
the soil, which would be necessary for the Support of aerobic micro- 
organisms which cause biodegradation of hydrocarbons. Factors which 
affect lead transport through soil were discussed in Section 3.6.1 

of this report. In particular, as was pointed out, heavy metals 

tend to become adsorbed on soil particle surfaces. The strength 

of this tendency is characteristically higher at higher pH's. In 

the case of lead, its adsorption by soils of a pH lower than six is 
relatively low, but is quite marked for alkaline soils. Independently 
of this consideration, soil lead is not considered to present a 
serious threat to groundwater because, except for the northern part of 


the province, the Ontario overburden consists of impervious clay. 


Lead contamination of plant life (including crops) which may occur in 
the proximity of oiled roads is more apt to be a consequence of exposure 
to airborne particles of the metal than to result from the absorption 

of lead in the soil. This view is expressed in a paper on this subject 
by J. V. Lagerwerff and A. W. Specht of the U.S. Soils Laboratory, 

U.S. Department of Agriculture, Beltsville, Maryland entitled, "Con- 


tamination of Roadside Soil and Vegetation with Cadmium, Nickel, 
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Lead and Zinc," which appeared in Environmental Science and Technol- 


ogy 4, 583-586 (1970). The authors state that "...it should be noted 
that, generally, pb is rarely, if at all, taken up by the roots of 

a variety of plants." (The cited references are: Hammet, F.S., 
Protoplasma 5, 535-542 (1929); Hevesy, G., Biochem. J. 17, 439-445 
(1923); and Marten, G. C. and Hammond, P. B., Agron. J. 58, 553-554 (1966) ). 


In the Lagerwerff and Specht study, concentrations of lead (and other 
metals) occurring in or on grass adjacent to various well-traveled 
highways were measured at distances of 8, 16 and 32 meters from the 
roads. Metal concentrations were also determined for soil samples 

at these distances and, for each distance, at depths of 0-5, 5-10, and 
10-15 centimeters from the surface. Lead levels in soil at the 0-5 cm 
depth ranged from 55 to 164 mg/kg (dry) at 32 meters and from 150 to 
522 mg/kg at 8 meters for the different test sites. The concentrations 
of lead associated with the grass were roughly proportional to the 
observed shallow soil concentrations at the same distance from the 
roads. It should be noted that the lead concentrations observed in 
this study originated mainly from the vehicular exhausts and therefore 
reached the grass and soil via airborne transport. The relatively 

high concentrations measured reflect the large traffic volumes handled 
by the thoroughfares in the areas of the test sites. (The numbers 

of cars passing these sites per 24 hours averaged from 7,500 to 48,000, 
depending on the particular highway). The observed lead levels are 
considered to be higher than those which might be expected to occur 
solely as the result of airborne transport from oiled road surfaces. 


For example, assume the following: 
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9) A 100 yard length of road, 7 yards wide, has 0.25 Imperial 
gallons of waste crankcase oil] applied to its surface. 


0 The lead content of the oil is 1% (about 0.09 Ibs/Imperial 
gallon). 


0) 20% of the lead in the applied oil is subsequently airborne 
from the road surface and is completely and uniformly de- 
posited, on each side of the road, on two parallel strips of 
soil, each 32 meters wide. 


) The soil lead content comes wholly from the road oil and 
from no other source. 


Under these admittedly artificial assumptions, the resulting concentra- 
tion of lead on the soil surface would be 2.6 mg per square decimeter. 
If it is assumed that all of the lead diffuses uniformly to a depth of 

5 cm and that the dry density is 3, the resulting concentration of the 
metal in the soil would be 1.7 mg/kg. In order to arrive at a rough 
estimate of the equivalent concentration in vegetation, the data present- 
ed in the Lagerwerff and Specht paper were analyzed in terms of the 
ratios of the measured lead concartretions in grass (mg/kg) to those 
found in the 0-5 cm soil layers at the various test sites. For each 
test site, the arithmetic means of the concentrations reported in grass 
and soil (for the 0-5 cm depth) at the 8, 16 and 32 meter distances from 
the road were determined. The ratios of these means (grass concentra- 
tion in mg/kg divided by the soil concentration in mg/kg) ranged, for 
the different test sites, from a low of 0.09 to a high of 0.21. The 
high value was taken as a "worst case." Using this as a factor, the 
inferred lead concentration in vegetation (for the hypothesized road 
oiling example) was computed to be 357 ug/kg. This is roughly 1/21 

of the lowest concentration of lead reported by the above authors as a 


consequence of airborne transport of vehicular lead emissions. 
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It will be noted that the calculated lead concentration in vegetation 
is considerably lower than that reported in the EPA Edison Laboratory 
road oiling study. According to the latter, "...plant samples. ..showed 
an average lead concentration of 33.5 mg/kg which is higher than the 
expected background level." (These samples were collected from a point 
150 feet from the road.) The EPA report does not, however, indicate 
how much higher the measured concentrations were than the "expected" 
levels. The significance of this point lies in the fact that it is 
precisely the increment over the background (which may be due to 
vehicular exhaust or other emission sources) that is, presumably, 
attributable to lead transport from oiled roads. If, in the hypotheti- 
cal example, it had been assumed that all of the lead in the deposited 
oil were transported to the soil (instead of only 20%) and that the 
oil application rate had been 0.45 1G/yd¢ (approximately the rate used 
in the Edison Laboratory study) instead of 0.25 IG/yd*, the resulting 
concentration of the metal in the plants would have been 3.2 mg/kg 
(dry). If this value is assumed for the EPA experiment, the equiva- 
lent background concentration would have been equal to 

33.5 mg/kg - 3.2 mg/kg = 30.3 mg/kg 
Thus, the increment (attributable to road oiling) above background 


would have been approximately 10%. 


Although the preceding analysis is, of necessity, speculative, it does 
strongly suggest that road oiling may be only a minor contributor to 
the lead concentrations observed in neighboring plants, with the 
preponderant portion of these caused by other sources of lead. In any 
case, however, the possibility of lead deposition on grass or other 


plant life which may be used for forage raises the question of the 
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potential threat to cattle. The available data are sparse, but suggest 


that some measure. of lead tolerance exists. For example, calves who 


consumed up to 2.0 grams of lead per day have been known to survive 
from 2 to 3 years. Higher dosages of 0.2 to 0.4 grams per kilo 
body weight, however, appeared to be fatal within relatively short 


periods (a few days).* 


In terms of human tolerance for lead, there is a considerable range of 
estimates and Seance) It is believed that the intake rate at 

which excretion can exceed accumulation is probably not over 1.0 mg/day, 
although this does not imply that this rate may not be toxic. For 
example, chronic lead ingestion of 0.1 mg daily over several years has 
been reported to cause lead poisoning, and one authority considers an 
intake rate of 0.2 mg/day to be unsafe. Another authority, however, 
believes that a rate of 0.5 mg/day is "safe," and an instance is known 
in which a daily intake of 2.0 mg for a year did not appear to impair 


health. * 


The possible contamination of inland surface water bodies due to waste 
oil runoff is another matter for concern. A study of the implications 

of such contamination for biota was conducted at the U.S. National 

Water Quality Laboratory, Duluth, Minnesota and described in a report 
entitled, "The Effects of Waste 0i1 on Freshwater Aquatic Life," 

S. F. Hedtke et al., U. S. EPA Waste Oi] Study (Report to Congress), 
Appendix C, April 1974. Using water soluble extracts at various con- 
centrations, as well as other methods of oi] introduction, acute 

* These figures are cited on page 206 of "Water Quality Criteria," Second 


Edition, California State Water Resources Control Board, Publication No. 
3-A, Revised 1963. 
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mortality tests were performed on the flagfish (Jordanella floridae) 
and the fathead minnow (Pimephales promelas). In addition, chronic 
toxicity tests were conducted (on Jordanella) based on such criteria as 
egg hatchability and the survival and growth of fry. Lethal oi] con- 
centrations (for different species and methods of oi] introduction) 
ranged from 0.1% to 1.1% (vol). The chronic "no effect" concentration 
for the water soluble oil fraction ranged from 0.08% to 0.33% (vol), 
corresponding to a range of 80 ul/1 to 330 ul/1 for the total oil. 

The authors considered that this level applied to the oil, but not to 
its lead content, and that "...the chemical characterization of the 
waste oi] indicates the potential for damage due to lead at less than 
8 ul/1 total oi]." (This conclusion is apparently based on the con- 
centration of lead in the waste oil used in this study, which was 


18,500 ug/g.) 


With respect to the toxicity of lead for aquatic life, the data suggest 
that many organisms may be susceptible to the effects of this metal, 
even at quite low concentrations. Several citations to this effect 
appear in a report prepared by the National Academy of Sciences (NAS), 
under the sponsorship of the U. S. EPA entitled "Water Quality Criteria 
in 1972." (The report was issued as EPA R-73-033, March 1973, 

although it is believed to have been first printed in 1975.) For 
example, the growth of guppies has been reported to be affected by 

lead concentrations of 1.24 mg/1 and chronic effects on sticklebacks 
have been observed at levels of 0.1 and 0.3 mg/1. The induction of 
chronic lead toxicity in daphnia as well as effects on reproduction 


have been cited for concentrations as low as 0.03 mg/1. The NAS 
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report recommends that "the concentration of lead in water should not 
be higher than 0.03 mg/1 at any time or place in order to protect 
aquatic life." This recommendation suggests that the Ontario water 
quality criterion for surface water lead content of 0.05 mg/1 is not 


overly stringent. 


In terms of the overall question of lead toxicity to fish, it must be 
understood that it is difficult to make categorical statements for 
two reasons. The first is that there appear to be significant dif- 
ferences among the susceptibilities of various species; the second, 
and of greater importance, is the fact that the carbonate level in 
the water containing the lead has a great effect on the toxicity of 


the metal (to fish). 


In hard water containing a relatively high concentration of CaC03, 

} dissolved lead tends to be precipitated as lead carbonate. (Lead is 
about 167 times more soluble in soft than in hard water.) It has 
been well established that lead present in soft water is far more 
toxic to fish than lead present in hard water. For example, the NAS 
report cites 96-hour LC50 soft water concentrations of lead (for the 
fathead minnow and brook trout) as 5-7 mg/1 and 4-5 mg/l respectively. 
For hard water, the equivalent values are 482 mg/1 and 442 mg/1. 

(The 96-hour Lcs0 concentration is that concentration which kills 

50% of the exposed test sample within the stated period. This is 

a measure of acute, rather than chronic, toxicity.) Chronic studies 
of lead toxicity in soft water suggest that adverse effects may occur 
at fairly low levels. Exposures of rainbow and brook trout for 2 to 


3 months to lead concentrations of 0.1 mg/1 (in soft water) “indicated 
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detrimental effects" (NAS report). The same report cites adverse effects 
on the conditioned behavior of goldfish at a concentration of 0.07 mg/1 


(also in soft water). 


It is not clear that the difference of solubility of lead in hard ver- 
sus soft water is the whole explanation for the difference observed in 
the corresponding toxicity levels. For example, according to "Water 
Quality Criteria," a publication of the California State Water Resources 
Control Board, it is stated that "in soft water, lead may be very 

toxic; in hard water equivalent concentrations of lead are less toxic..." 
(emphasis ours). Also, "calcium in a concentration of 50 mg/1 has 
destroyed the toxic effect of 1.0 mg/1 of lead" (page 207). This 
document recommends that "...the dissolved lead content of surface 
waters should be restricted to 0.1 mg/l..." The text also alludes 

to the hazard presented stock and wildlife watering sources contami- 
nated by lead. The point is made that "it is not unusual for cattle 

to be poisoned by lead in water; the lead need not necessarily be in 
solution, but may be in suspension, as, for example, the oxycarbonate." 
Also, "chronic lead poisoning has been caused by 0.18 mg/1 of lead in 


soft water." 


The current Ontario water quality criteria for lead and oil/grease 

are probably sufficiently rigorous to afford adequate protection from 
‘these pollutants to biota in inland surface waters, provided, of course, 
that the criteria are enforced. However, the bil /@aende limit of 


“virtually absent" could be difficult to administer unless supplemented 
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by some more quantifiable criterion, such as a defined fraction of 

the 96-hour LC50 for some particularly sensitive aquatic organism. 

With respect to airborne lead transport from oiled roads to adjacent 
land there does not appear to exist a directly applicable criterion. 
However, paragraph 5 under Part II of the Ontario Environmental 
Protection Act, 1971 (Statutes of Ontario, 1971, Chaper 86 as amended) 
states that “no person shall deposit in or add to, emit or discharge 
into the natural environment any contaminant, and no person responsible 
for a source of contaminant shall permit the addition to, emission or 
discharge into the natural environment of any contaminant from the 
source of contaminant, in an amount, concentration or level in excess 
of that prescribed by the regulations." It is true that Ontario 
Regulation 872/74 which was established (1974) under the cited act does 
specify ambient air quality criteria for lead (5.0 wg/24 hours; 2.0 ug 
geometric mean for 30 days). It would, however, probably prove diffi- 
cult to apply these criteria in the oiled road context because much of 
the monitored ambient lead concentrations would be caused by vehicular 
exhausts. It would be virtually impossible to identify the airborne 


lead component specifically attributable to road oiling. 


In view of the fact that the level of environmental hazard presented by 
road oiling may vary substantially with the particular conditions and 
circumstances, it is recommended that consideration be given to the 
implementation of a controlled study. This study would be sufficient- 
ly comprehensive to permit the formulation of standards and criteria 
which would permit an assessment to be made of the environmental im- 


pact of any specific road oiling activity. 
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At the outset, criteria should be established for the character or 
quality of the oil to be deposited. For example, we have been informed 
that there is reason to believe that in one case, at least, acid sludge 
may have been employed as a dust suppressant agent. This application 
should obviously be prohibited. Further requirements should be formu- 
lated with respect to the manner of waste oil collection and storage. 
Such requirements should be designed to protect the oil from accidental 
or deliberate contamination with highly toxic materials, particularly 


those which are hazardous in even very low concentrations. 


Experimental designs which would contribute to more complete assessments 
of the effects of road oiling under different conditions should, in 

order to provide a common reference framework for proper evaluation of 

the results, all be based on a standardized application rate, such as 

0.25 IG oil per square yard. There may also be some advantage in using 

a single oil sample of adequate amount for all the test studies. This 
sample should be typical of the waste oil most commonly used in practice 
and should be of reasonably well known composition. For avann ee a 

rough characterization of the oil in terms of constituents would include 
determination of the percentages of volatile oi1 soluble and oil insoluble 
substances present. The lead content should, of course, be measured. 
Physical characteristics of the 011 to be quantified should include a 

few key parameters such as specific gravity, viscosity index and flash 
point. There is a moot question as to whether the oil should be subjected 
to any pre-treatment, such as settling and filtration, prior to its 
analysis and application in the test studies. For example, filtration 


might prove beneficial in removing any coarse lead or lead containing 
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particles, as well as those of other metals. However, since the 
purpose of the program is that of setting criteria which would apply 
to commercial road oiling practice, pre-treatment, if used in the 
experiments, should then, in our view, be subsequently required of 


road oiling firms. 


_ The experimental designs should be oriented to the evaluation of road 

oiling effects as consequences of the various factors which may cause 

or influence these effects. These factors can, in general, be broadly 
categorized as follows: 


® Factors affecting retention of deposited oil. These would 
include: 


a. Deposition rate (which is presumed to be uniform). 
b. Temperature (as this affects oi] viscocity). 
c. Porosity of road surface. 
d. Road surface geometry (crown). 
e. Precipitation. 
@ Factors affecting transport: 
-a. Precipitation. 
b. Adjacent soil porosity, erosion. 
c. Adjacent soil pH. 
d. Winds. 


e. Proximity of streams. 


With respect to the evaluation of the magnitude of lead transport from 
the road surfaces to plant and soil in the neighborhood of the test 


areas, it is expected that two problem areas may be encountered: 
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a. Distinguishing between lead concentrations due to road oiling 
and those caused by vehicular exhausts 


b. Distinguishing between lead concentrations due to airborne 
transport and those caused by percolation through the soil 

With respect to the first, it is suggested that some test road surfaces 
be constructed in areas remote from vehicular traffic and in which back- 
ground lead concentrations in soil and plants are sufficiently low so 
that any incremental effects due to oiling the test surfaces could be 
unequivocally determined. With respect to the second, jt is recommended 
that selected areas of the soil neighboring the test sites be initially 
covered in order to substantially attenuate, if not actually prevent, 
the deposition of airborne lead. If, for example, the differences 
between the incremental lead concentrations (with respect to the pre- 
viously determined background levels) are large for the uncovered areas, 
but small for the covered areas, this would obviously suggest that air- 
borne transport (as opposed to percolation or diffusion through the soil) 


was the major factor. 


It is recognized that an experimental program of the kind suggested 

here may, if properly designed and effectively executed, prove relatively 
costly. Its results should, however, replace any prevalent, purely 
attitudinal orientations toward road oiling with an understanding and 
assessment capability based on sound experimental data. In particular, 
it should make possible the formulation of criteria and guideline rules | 
which would provide a firm basis for such pronouncements. For example, 
for a given category of road surface (e.g., impervious clay), road oiling 


with waste oil in the vicinity of agricultural or crop land is potentially 
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hazardous and is either strongly discouraged or prohibited; it may be 
permissible in other locational settings. In the case of roads with 
relatively thick and quite porous toppings, the constraints may be less 
severe. In any case, it is unlikely that any extreme position toward 
road oiling as a whole, whether uncritical permissiveness or total 
opposition, on be found fully warranted by the results of the proposed 


experimental program. 


4.2.7 Blending with Diesel Fuel 
This discussion differs from those preceding it in that it addresses uses 
of waste oil from vehicles equipped with diesel engines rather than waste 


oil from vehicles equipped with gasoline engines. 


This application is discussed in a brochure issued by the Chevron 

Oil Company, 1975, entitled "Used Crankcase Oil--If You Can't Recycle 
It, Why Not Burn It in the Engine?" This publication reviews the 
comments and recommendations, both pro and con, of a number of diesel 
engine manufacturers, including Allis-Chalmers (recommends against), 
Caterpillar Tractor Company (provides guidance for this application), 
Detroit Diesel Allison Division of General Motors (recommends against), 
International Harvester Construction Equipment (provides guidance for 
the application; the Agricultural and Industrial Division recommends 
against) and the Cummins Engine Company (provides guidance). In general, 
the manufacturers who recommend this application, or at least provide 
guidance for implementing it, stress the importance of thorough mixing 
of the waste oi] with the diesel fuel in order to avoid fuel system 


filter plugging, unsatisfactory combustion and other deleterious effects. 
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The recommended percentages of waste oil in the blend are low in all 


cases. The usual recommended range is from 2% to 5%; the highest 
recommended percentage is 6.5%. The only pre-treatment suggested 


is filtration in order to remove gross particulate content. 


This application should be relatively bland in environmental terms 


because of the absence of lead in the waste oil. 


4.3 Comparative Summary of Alternative Technologies 


This discussion focuses on the beneficial waste oil uses. 


4.3.1 Fuel Applications 

These applications include blending with oi], blending with coal, use 
in cement manufacture and use in municipal incinerator facilities. In 
all methods for waste crankcase oi] use as a fuel, the lead content 
has been considered as a key environmental threat. In all of these 
fuel uses, the lead is virtually completely volatilized, thus 

posing the likelihood of its emission to the atmosphere. In this spe- 
cific context, the major difference among alternatives is the degree 
to which lead may be released in the various combustion modes. There- 
fore, the key question is whether this degree may be sufficient to 


generate ambient concentrations that represent hazards to health. 


Of the various technologies considered, blending with oil for use in 
industrial facilities and direct fuel use in municipal incinerators 
appear to generate the highest net emission rates. Precise 


evaluation is difficult because these levels in some cases reflect 


O 


actual measurements and, in others, computations. In principle, it 
would not be expected that commercial oi1 burning facilities would be 
equipped with particulate emission control systems, but this is not 
necessarily the case for municipal incinerators. As suggested, water 
scrubbers may be quite effective in reducing small particle (less than 
Im) emissions.. This implies the likelihood aaa of the two methods, 
combustion of waste oil in incinerators may be preferred over the long 


run. 


The burning of waste oil/coal blends under the reported conditions 
presents virtually no potential for generating Significant ground level 
concentrations of lead. The ratio of lead emitted to the lead content 

of the 011 burned was estimated to be 1% for the Northern States Power 
test burns. This low ratio is not a consequence of the combustion process 
but rather a result of the fact that coal burning facilities are custom- 
arily equipped with precipitators which effectively suppress the emis- 
“sions of PbO particles, since these are largely absorbed of fly ash sur- 
faces. The overall implication is that waste oi] can be burned with com- 
parative safety (in the sense that there is no Significant environmental 
threat due to lead emissions) in utility and probably industrial coal com- 


bustion facilities, with no need for additional capital investment. 


The use of waste oi] as a cement plant fuel is particularly attractive 
in terms of resource use. As shown by the St. Lawrence experiments, 
most of the lead contained in the waste oil becomes incorporated in the 
clinker and in the conditioning tower solids. Further, the effective- 
ness of the electrostatic precipitators (with respect to lead removal 


from the flue gas) suggests that most of this lead may have been absorbed 
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on the surfaces of larger particles in a manner analygoug to that believed 


true for the waste oj1/coal blend combustion case. 


4.3.2 Use of Waste Oil in Asphalt Manufacture 

This application, at least as performed by Edgington, is appealing from an 

environmental standpoint because virtually all of the waste oil heavy metal 
contaminants, including lead, should remain in the distillation bottoms and 
these, in turn, become incorporated in the final product. Thus, lead emis- 


sions to the atmosphere should be essentially nil. 


4.3.3 Road Oiling 

As indicated in the discussion in Section 4.2.6, the environmental hazards 
which are, or may be, associated with this alternative are virtually im- 
possible to assess except in the context of the specific conditions under 
which it is employed. Under some, it may be environmentally safe. Under 
other conditions which could favor extensive runoff, there could be a po- 
tential threat to local biota. In neither case does there seem to be any 


real hazard to groundwater. 


4.3.4 Blending With Diesel Fuel 

As stated in Section 4.2.7, the used oils considered under this topical 
heading are diesel crankcase oils which contail essentially no-load. There- 
fore, the concern is not of an environmental nature but rather with accept- 


ance by engine manufacturers and operators. 


4.4 Environmental Implications of Waste Oil PNA Content 


Polynuclear aromatics (PNAs) occur in waste oi] and are relevant in the con- 
text of this report because of their carcinogenic potentialities. PNA re- 
leases were not considered in any of the studies cited in this chapter. 
Therefore, in view of the absence of pertinent PNA data relating to spe- 


cific waste oi] applications, the topic is addressed as an overview of all 
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PNA and polar compounds occur in both virgin and used automotive 
crankcase oils, but as somewhat higher levels in the latter. The 
sometimes cited figures which indicate that this increase is about 

25% (4.9% in waste 011, as compared to 3.9% in virgin lube oi1) appear 
in a report jaatien by the Bartlesville Energy Research Center, Bureau 
of Mines, U.S. Department of the Interior (Report of Investigations 
7884, entitled "Waste Lubricating 011 Research: An Investigation of 
Several Re-refining Methods," 1974). These data, however, reflect 
findings for two samples only and, accordingly, caution should be 
employed in their use. There is, however, no doubt that significant 
increases in the concentrations of some specific PNAs in automobile 
crankcase 01] can occur. In particular, it has been shown that the 
concentration of benzo-a-pyrene (BaP) in virgin lube oi1 may increase 
by a factor approximating 20/1, the degree of increase depending on 
the amount of BaP in the gasoline and, of course, on the length of 

gil service between changes. In terms of absolute values, concen- 
trations up to 16 ppm of BaP in used oil have been observed (compared 
with 0.7 ppm for virgin oi1). A recent paper by C. Thony, et al. ("Con- 
centrations en Hydrocarbures Polycycliques Aromatiques Cancerogenes de 
Quelques Huiles Minerales," Archives des Maladies Professionelles, de 
Medecine et de Securite Sociale (Paris), 1975, 36, no.1-2, Janvier- 
Fevrier, pp 37-62), presents data Showing that the BaP concentration 


in motor lube oil may increase by a factor as high as 100/1. 


The carcinogenicity of mineral oils has been recognized for many years, 
including that of oils known to be BaP-free, but which may contain other 


PNAs, such a di-, tri- and tetramethyl naphthalenes and phenanthreres, 
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chrysene and its methyl derivatives, perylene, triphenylene and tetra- 
methylfluorene. Identified heterocyclic carcinogens found in mineral 
oils include di- and tetramethyldibenzothiophenes, thiobenzofluorene 
and tetra- and pentamethylcarbazoles. Routine handling of many mineral 
oil varieties can be hazardous. The medical literature implicating 
exposure to mineral oi] as a cause of cancer abounds with references 


dating back to 1875. 


The carcinogenicity of mineral oil tends to increase as its tempera- 
ture is raised, possibly in consequence of cracking which forms new 
compounds. Generally speaking, PNAs are usually associated with the 
higher boiling point fractions (i.e., over 350°), but carcinogens have 
been found in more volatile fractions also. As a whole, the evidence 
does suggest that the PNA content of automobile crankcase oil could 
increase with its continued use, independently of the BaP taken up from ~ 


the fuel. 


As a whole, PNAs are relatively heat resistant, requiring fairly long 
exposures to temperatures of the order of 3,000° F. for their effective 
thermal destruction. Such temperatures are above those typical of 
fuel burns and it may therefore be assumed that in most waste oil com- 
bustion processes a considerable fraction of its PNA content escapes to 
the atmosphere. Thus, it is highly probable that burning waste oil will 
cause PNA releases. The significance of such releases as a threat to 
human health is, however, far from clear. This is true for several 
reasons: 
a. There appears to be a total absence of information, 
whether based on actual measurements or on calcula- 
tions, which provides any indication of the ground 


level PNA concentrations which occur, or which may be 
expected, in consequence of waste 011 combustion under 


Ere O 


any conditions. A value for BaP of 1mg/m3 has been 
reported for domestic stack effluents arising from coal 
combustion. The range of ambient urban concentrations of 
this PNA, as reported for various cities and seasons, is 
enormous, ranging from 0.03ug/1,000m3 to 2.2mg/m3 in an 
extreme case. Concentrations up to 100ug/1,000m3 are more 
typical. In general, winter levels are higher than sum- 
mer levels, possibly because of greater amount of fuels 
consumed. Urban levels are considerably higher than 

rural levels, by a factor of about 100. (8) 


There appears to be a total absence of data relating the 
magnitude of human carcinogenic risk to both period of 
exposure and ambient concentration. There have been 

animal inhalation studies designed to assess the carcino- 
genicity of the agent being tested, but these usually 
employed far higher concentrations of the PNA than might 
be expected to occur under realistic conditions. For 
example, in one series of experiments, rats were exposed 
to air containing a mixture of 10mg/m3 BaP + 3.5 ppm SO? 
(S02 is considered to nays a synergistic effect in PNA- 
induced carcinogenesis). 8) In another set of experiments, 
designed to assess the carcinogenicity of 1,2,5,6 -dibenzan- 
thracene (an automobile exhaust constituent), 170 rats 
received direct intratracheal doses of 0, 0.5, 2.0, 10 or 
20 mg. In contrast, observed ambient urban concentrations 
(in German cities) ranged from 3.2ug to 32ug/1,000m3. 


The problem of defining ambient PNA concentrations in 
terms of carcinogenic risk is further complicated by the 
magnitude of the role that synergistic effects may play. 
in this relationship. (S09 has already been mentioned 
in this connection.) For example, in PNA skin painting 
experiments with mice, it has been found that the simul- 
taneous application of dodecane greatly augments the 
carcinogenicity of the PNA. For benz-a-anthracene this 
factor is about 100; for BaP it is about 1,000. ‘8 


The few available discussions of waste oi] PNA content 
which were reviewed during this study consider this 
question wholly on the basis of the augmentation of the 
original virgin lube 071 PNA concentration. The question 
of how the concentrations of PNAs normally present in fuel 
011 compare with those found in waste crankcase oil has 
not been examined, although it clearly is of considerable 
importance, with particular reference to the combustion 
of waste oil/fuel oil blends. The issue is whether effluent 
PNAs originating from the waste oil are or are not likely 
to augment the PNA releases attributable to the fuel oil 
alone. 


Under the sponsorship of the American Petroleum Institute, 
Esso Research and Engineering Company analyzed samples of 
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various 011s which the Institute had 19§ tified for investi- 
gative use in certain of its programs. Analyses of No. 2 
fuel oi] showed a total aromatic content of 38.2% by weight. 
Of this, acenaphthenes (identified carcinogens) and 
naphthalenes (many of which are carcinogenic) accounted 

for 9.7%. Bunker "C" oil was found to contain 34.2% total 
aromatics. These included acenaphthenes, naphthalenes and 
phenanthrenes (many of which are known carcinogens), which 
accounted, in aggregate, for 17.3% of the total aromatic 
content. These data suggest that the percentages of known or 
Suspect carcinogens present in common fuel oils may exceed 
those likely to exist in waste automotive oil. The signifi- 
cance of this may be augmented by the fact that the waste oil 
fraction of waste oil/fuel oil blends is relatively small. 
For example, assuming a waste oil PNA content of 5% and a 
fuel oil PNA content of 9%, the combustion of the fuel oil 
only would result in the emission of 0.81 pounds of PNAs per 
Imperial gallon. For a blend containing 10% of waste oil, 
the corresponding PNA emission would be approximately 0.78 
pounds. In terms of total quantity of PNAs emitted per 
Imperial gallon of oil burned, it would appear that the 
releases could actually be less for blends than for straight 
fuel oil. (It was assumed that 100% of the PNAs in the oils 
are emitted.) From a health effects viewpoint, the combus- 
tion of waste oi1/fuel oil might seem more appealing than 
the burning of straight fuel oils. This conclusion, how- 
ever, could well be incorrect because it does not take into 
account the relative carcinogenicities of the emitted PNAs 
which have not yet been evaluated. 


In view of the considerations presented above, it is not considered 
possible at this time to develop a meaningful assessment of the risks 
to health which may be attributable to emissions of PNAs from the 


combustion of used crankcase oils. 
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5. DEMAND FOR LUBRICATING OIL IN ONTARIO 


5.1 Introduction 

The future demand for re-refined lube oi] in Ontario will be determined 
largely by the net effect of two factors: (1) the acceptance of re- 
refined oil as a substitute for virgin base lube stocks, and (2) the 
overall supply/demand balance of base lube stocks. Historically, only 
minor efforts have been made to produce high grade re-refined base lube 
stocks on a provincial or national scale or to encourage the use of re- 
refined oil by demonstration projects or government regulations. Nor 
has there been a major marketing effort to reach the major users. Conse- 
quently, past sales data do not provide a useful guide to acceptance of 
re-refined products. Survey data ah consumer attitudes shed some light 


on acceptance. This subject is discussed in some detail in Chapter 6. 


This chapter is devoted to a forecast of the overall demand for lube 
oils in Ontario and an analysis of lube oil supply. The supply assess- 
ment is based upon announced expansion plans of major refiners and his- 
torical patterns of provincial production, inter-provincial transfers, 


and imports. 


The demand for lube oils has two major components: automotive and indus- 
trial. Automotive demand is determined primarily by vehicle miles trav- 
eled and average oi] consumption per vehicle mile. Industrial demand is 


determined primarily by the level of industrial activity. 


Table 5.1, based upon Statistics Canada data, shows historical figures 
for lube oil sales in Ontario disaggregated by end use. The classifi- 


cation does not, however, coincide with the desired detailed division 
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of demand needed in this study. 


A second and more useful source of historical data on sales by type of 

Oi] was obtained from a survey of major oil companies conducted with the 
assistance of the Ministry of Energy. Responses were received from British 
Petroleum, Gulf, Imperial, Petrofina Canada, Shell, Sun and Texaco. These 
companies supply a very large fraction of lube oi1 demand in Canada. 

Table 5.2 provides estimates of the proportion of total lube oi] sales 


in Ontario which are supplied by these companies. 


The sales by major catagory of oil use by major oil companies is given in 
Table 5.3. A comparison of Tables 5.1 and 5.3 reveals that the ratio of 
retail sales in Ontario to the reported automotive oi] sales of major 
suppliers has remained relatively stationary, with values of 0.437, 0.436, 
0.482 and 0.404 in 1970 through 1973. However, since the percentages in 
Table 5.2 appear to include undetected, inter-provincial transfers, it 

did not appear desirable to attempt to use proportions to inflate retail 
sales to total demand for automotive oils. We have chosen, therefore, to 
forecast a separate demand for retail sales, subsuming the remainder of 


automotive oil sales under industrial demand. 


Throughout this analysis, we have encountered inconsistent data reporting 
in the lubricating oi] industry, combined with an absence of data neces- 
sary to maintain adequate accounts by end use. Further, the major explana- 
tory variables, such as real domestic product in Ontario, are themselves 
not effectively forecasted and do not take into account the economic 
conditions in the 1974-1975 period. The demand forecasts represent assess- 


ments based on the best available data. However, care should be used in 
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TABLE 5.2 
PROPORTION OF TOTAL LUBE OIL SALES IN ONTARIO 


COVERED BY QUESTIONNAIRE RESPONDENTS,* BY YEAR 


Year Percent** 
1969 88 
1970 104 
1971 99 
1972 97 
1973 86 


* In the survey on sales by type of oil 

**The percentage may exceed 100 because of sales 
of oils for resale to ultimate consumers 
outside Ontario. 


TAS 


TABLEL One 


ONTARIO LUBE OIL & GREASE SALES BY TYPE OF LUBRICANT 
(In 1000 Barrels of 35 Canadian Gallons) 


Oils 
Automotive 
Crankcase Oils 


Hydraulic Oils 
Gear Oils 


Miscellaneous 


Industrial 
Engine Oils 


Hydraulic Oils 
Gear Oils 
Metalworking Oils 
Process Oils 


Miscellaneous 


Total Oils: 


Greases 
Automotive 
Industrial 


1969* 1970 


612.48 754.62 


eee 


Lor 


46.51 


Lie 


1973 


819.48 


1974 


a aoe ee en 


*One of the seven respondents did not submit a report for 1969. 


Source: Company Reports, Ministry of Energy Survey 
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drawing conclusions from these forecasts for purposes other than those 


intended in this study. 


5.2 Retail Sales 
Retail pump outlet sales of lubricating oils in Ontario are shown in 
Table 5.4 and graphed in Figure 5.1. These data show little historical 
trend. The trend rate of growth, estimated from the regression 

log (Retail Sales) = a + b (year) 
yields the estimates a = 6.576 (SE = .345) and b = -.008 (SE = .005). The 
trend rate of change, -0.8 percent, is downward, but small in magnitude. 
The retail sales are Mostly sales of automotive oils. Oil consumption 
in motor vehicles depends on two primary factors, vehicle miles traveled 
(VMT) and average oil consumption per vehicle-mile. Each of these factors 
will be examined in turn. Since retail sales are primarily to passenger 


automobiles, we confine our attention to these vehicles. 


5.2.1 Vehicle Miles Traveled 

Estimates of VMT were based on the number of vehicles in operation and 
average annual mileage per vehicle. Consider first the number of vehicles. 
Table 5.5 shows the number of passenger vehicle registrations in Ontario, 
the provincial population, and the vehiel per person ratio in selected 
years. The ratio of persons to vehicles dropped from 3.3 in 1963 to 2.6 
in 1973. Fitting a linear trend to the inverse ratio of vehicles per 
person provides an exceptionally good historical presentation. Figure 5.2 
shows actual and projected registrations derived from the five and ten 
year linear trends. Table 5.6 gives projections based on these trends 

and on Statistics Canada projections of population for Ontario. The five 


year trend implies an average growth rate for number of vehicles per person 


181 
©) 


Table 5.4 


SALES OF LUBRICATING OILS AT (RETAIL) SERVICE STATIONS 


(Units: 1000 Barrels of 35 Canadian Gallons 


Sales at Sales at 

Retail } Retail 
Year Outlets Year Outlets 
1963 453 1969 385 
1964 416 1970 398 
1965 460 1971 406 
1966 425 1972 448 
1967 420 1973 404 
1968 408 


Source: Publication 45-208, "Refined Petroleum Products," 
Statistics Canada. 
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Quantity in 1000 barrels 


Figure 5.1 


Sales of Lubricating Oils at Retail Pump Outlets 
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TABLE 25.5 


PASSENGER AUTOMOBILE REGISTRATIONS 
AND POPULATION FOR ONTARIO 


Registrations Population 

Year (millions ) (millions) Autos/Person 
1963 1.927 6.448 0.299 
1965 2.140 6.731 0.318 
1967 24.312 712g 0.324 
1969 2.502 7.385 0.338 
1971 Chris FATAUS: 0.352 
1973 3.002 7.939 OES/AS 
Sources: 


1. 
ae 


Registrations: "The Motor Vehicle, Part III," Publ. 53- 
219, Statistics Canada. 
Population: Canada Year Book, 1974, Statistics Canada. 
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Registrations (Millions) 


Figure 5.2 


Actual and Projected Number of Passenger 


Automobile Registrations in Ontario 
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Protected 
Population 
Year (millions ) 
1975 Seay 
1977 8.48 
1979 8.75 
1981 9.03 
1983 9.31 
1985 9.60 
1975 Seal 
1977 8.48 
1979 8.75 
1981 9.08 
1983 Fool 
1985 9.60 
Sources: 
1. Population: 


“Population Projections for Canada and the Provinces, 


Table 5.6 


Based on Ten Year Trends 


Projected 
Vehicles-Per-Person 


0.384 
0.398 
0.412 
0.426 
0.440 
0.454 


Based on Five Year Trends 


0.395 
0.415 
0.435 
0.455 
0.475 
0.495 


1972-2001." Publ. 91-514, Statistics Canada. 


tility) Projections. 


Registrations: 
extrapolated vehicles-to-persons ratios. 
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PROJECTIONS OF PASSENGER AUTOMOBILE REGISTRATION 


Projected Number 
of Registrations 
(millions ) 


PP FPF Ww WwW 


ete he, “co 


hd 
430 
On 
85 
0) 
. 36 


24 
woe 
Ol 


re 


42 
Ee) 


Series C (low fer- 


Obtained by multiplying projected population by 


of 3.93 percent, while the ten year trend implies a growth rate of 3.27 


percent. 


The impact of increased gasoline prices and of government policy to dis- 
courage energy consumption and automobile use may make these trend projec- 
tions optimistic, particularly for the period 1975-1980. For the United 
States, J.L. Helm* forecasts an annual growth rate in vehicle registrations 
of 2 percent from 1975 to 1980, and a slightly higher growth rate of 2.2 
percent from 1980 to 1985. 


Annual mileage figures for passenger automobiles were not available for 
Ontario. Estimates for the United States presented by the National 
Petroleum News are shown in Table 5.7 for selected years. A trend fore- 
cast from these figures, obtained from the regression 


log (annual mileage) = 9.122 + .0081 (year) 


is given in Table 5.7. Forecasts of United States automobile mileage, by 

by, L. Helm, show a drop in mileage per year continuing from the present until 
the late 1970's; after 1980 the annual increase in mileage is expected to 
reflect historical growth rates. These forecasts are given in Table 5.8. 
Combining the number of vehicle forecasts in Table 5.6 with the mileage 
forecasts in Table 5.7 and 5.8 yields forecasts of passenger automobile 


VMT for Ontario. These are given in Table 5.9. 


5.2.2 Motor Oi]1 Consumption Per Vehicle Mile 
Motor oil consumption has two components: the gradual consumption of oi] 


during normal operation and the replacement of dirty oil at periodic 


intervals. 


* Helm, J. L"The Outlook for Lubricants’; NPRA 73rd Annual Meeting; 
San Antonio, Texas; May, 1975. 
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TABLE 5.7 


AVERAGE ANNUAL MILEAGE FOR 
PASSENGER AUTOMOBILES IN THE U.S. 


Year Annual Mileage 
1963 9378 
1965 9387 
1967 9531 
1969 9786 
1971 10121 
LOWE 9992 
1975 10263* 
£977 10431* 
1980 10689* 
1985 NES hs 


*geometric trend projection 


Source: National Petroleum News 
Factbook, 1975. 
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TABLE 5.8 
PROJECTED AVERAGE ANNUAL MILEAGE 


Year Annual Mileage 
1975 10000 
1977 9400 
1980 10000 
1985 10500 


Source: J.L. Helm, "The Outlook 
for Lubricants"; NPRA 73rd 
Annual Meeting; San Antonio, 
Texas; May, 1975. 
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TABLE 5.9 
PASSENGER AUTOMOBILE VEHICLE MILES TRAVELED (VMT 


IN ONTARIO (BILLIONS) 


10 Yr. Registration Trend 5 Yr. Registration Trend 
Year NPN HELM NPN HELM Consensus* 


1973 30.0 J 30.0 : 30.0** 
1975 32.3 31.5 34% 32.4 31.9 
1977 35.3 30.8 36.7 cea! 33.1 
1980 39.9 ye 42.3 39.6 38.6 
1985 48.1 45.8 52.9 49.9 46.9 


*In view of increased vehicle operating costs and reduced economic growth 
in the 1974-76 period, we take the average of the 10 year trend forecasts 
as a consensus forecast, noting that these figures may still be somewhat 
optimistic. . 

**Actual registrations times NPN average annual mileage estimate. 


= 9 


Data on oil usage were not available directly for Ontario. Thus, making 

the assumption that the vintage and size composition of the Ontario auto- 
mobile stock is the same as that of the United States, we can use data 
available for America. Our first estimates of oil usage are drawn 

from a survey of service stations by the National Petroleum News (NPN). Total 
oil usage per mile can be obtained by dividing NPN figures for total oil 
usage per vehicle by average annual mileage. Furthermore, in the account- 


ing relation 


Total oil usage _ | Oil consumption , Crankcase capacity 
per mile per mile Miles between changes | ° 


the oil consumption per mile figure can be determined from total oil usage 
per mile and NPN Mitvernrtarnes for crankcase capacity and miles between 
Changes. These data are given in Table 5.10. A trend on oil consumption 
yields 


consumption] _  _ ¥ 
log ae Aes oT 1.74 106 (year). 


Use of this trend implies that oi] consumption (expressed in Imperial 

quarts per 1000 miles) will drop to .0325 in 1977, .0237 in 1980, and 

.0139 in 1985. These figures imply oil consumption at the rate of one 
Imperial quart for every 4630 miles in 1973, dropping to one Imperial 

quart for every 18,000 miles in 1985. However, there is reason to be- 
lieve that the trend above confounds the technological decrease in 011 
eee with the gradual decline for the United States in service 

station sales as a proportion of total motor oil sales. The rate 

of technological improvement in oi] consumption can be expected 

to be moderate. J. L. Helm forecasts a rate of oil consumption 

for United States automobiles of 0.10 Imperial gallons per 1000 miles 


through 1985. We believe this figure is more realistic, and adopt it 
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TABLE 5.10 
OIL USAGE BY PASSENGER AUTOMOBILES IN THE U.S. 


EE OO OS eee eee 


Estimated 
Oil Sold Average Miles Average 0il Consumption 
(Imp. Gals./ Between Capacity (Imp. Gals./ 
Year 1000 mi.) Oil Changes (Imp. Gals.) 1000 mi.) 
1963 0.435 3458 1.04 0.134 
1965 0.373 4179 1.06 O2T1g 
1967 0.321 4984 1.08 0.104 
1969 0.257 5876 N/A O2077* 
1971 0.220 6290 N/A 0051 
1973 0.198 7380 N/A 6.054% 


*Assuming 01] capacity of 1.06 Imp. gals. 


Source: National Petroleum News Factbook. Quantities converted to 
Canadian gallons from U.S. quarts. 
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for our forecasts. Note that this rate is higher than the NPN figure 


because it includes non-service station sales. 


Utilizing the Helm estimates of miles between oil changes, oi] capacity, 
and oil consumption given in Table 5.11, we obtain the forecasts of oil 


usage per vehicle mile given in Table 5.12. 


It is possible to combine the VMT and oi] usage forecasts to obtain a 
direct technological estimate of oi] demand; these estimates are given 
in Table 5.13. The annual rates of change reflect Helm's forecast 
of a decline in miles driven per automobile in the mid-1970's, followed 
by a rapid recovery. Note that these technological estimates do not 
match with the observed retail sales in Ontario. This suggests that the 
technological conditions in Ontario may be different than in the U.S., 
Or more importantly that Ontario retail sales contain substantial non- 
passenger and off-road components, 1.e., Sales of oils other than motor oils. 
In order to utilize the technological forecasts, we assume that these 
factors move in proportion to the technological usage variable, with the 
factor of proportionality determined by the overlapping year, which was 
1973. Table 5.14 gives estimates of retail sales based on the technological 
Sales figures, adjusted to 1973 observed retail sales. For comparison, 
a trend in retail sales from Table 5.4, using the trend formula 

log (retail sales) = 6.086 - .0079 (year) 
is also provided. We believe the adjusted technological forecasts to be 


the most plausible. 


5.3 Non-Retail Sales 


A large share of the lubricating oi] consumed in Ontario is sold to 
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TABLE Sad 1 


PROJECTED OIL USAGE FOR U.S. PASSENGER CARS 
(Quantities Converted to Canadian Gallons from U.S. Quarts) 


Oil Consumption 
Miles Between Oil Capacity (Imp. Gals./ 


Year Oil Changes (Imp. Gals.) 1000 mi.) 
1973 5300 1a 0.10 
L975 5400 10 0.10 
1980 6000 1.0 0.10 
1985 7000 0590 0.10 


Source: J.L. Helms "The Outtook for Lubricants"; NPRA 73rd 
Annual Meeting; San Antonio, Texas; May, 1975. 
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TABLE 5.12 


FORECASTS OF OIL USE 
PER 1000 VEHICLE MILES* 


Use 
Year (Imperial Gal.) 
1973 . 289 
1975 2200 
1980 .26/7 
1985 «209 


*(Use) = (Consumption) + (Crankcase Capacity) 


(Miles Between Changes) 


1,95 


TABLE “5.13 


TECHNOLOGICAL PREDICTION 
OF AUTOMOTIVE OIL DEMAND 


Demand Annual Rate of Change 
Year 1000 Barrels Percent 
73 247.7 ---- 
1975 259.8 2.41 
1977 262.0 0.42 
1980 294.4 3.84 
1985 306.9 0.90 
196 
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TABLE 5.14 


FORECASTS OF RETAIL SALES 
(Units: 1000 Barrels) 


Adjusted 
Year Technological Forecasts Trend Forecasts 
$973 404 403 
1975 424 397 
1977 427 291 
1980 479 382 
1985 501 367 
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ultimate consumers through channels other than retail pump outlets. In 
1973, such non-retail sales of lube oi] amounted to 2.1 million barrels. 
Non-retail sales have increased rapidly, growing in the decade 1963-1973 

at an annual trend of 7.3 percent. Sales figures are shown in Table 5.15. 
Table 5.16 gives a distribution of non-retail sales by end use, as reported 
by Statistics Canada for 1973, the last year available. Of the total, only 
22 percent is allocated to specified end use categories; the remaining 78 
percent is allocated to "other". These statistics reflect the failure of 
major refiners to accurately classify the sales by class of customer. The 
Ministry of Energy-Teknekron survey attempted to obtain a classification 
of "other," but, in most cases, the major suppliers did not provide con- 
sistent records of eventual end use. The companies appear to supply data 
for a few specific categories and to lump all remaining sales in the "other" 


category. 


Given the presence of the large "other" category and the inconsistency of 
major firm reports, we have made no attempt to forecast end use demand com- 
ponents separately. The problems of variable definition appear to preclude 
this approach. We have instead made a forecast for total non-retail sales, 
and then apportioned these sales according to historical trends gathered 
from Statistics Canada publications and the Ministry of Energy-Teknekron 


questionnaires. 


Several alternative formulations of a forecasting model for non-retail 


sales were tested; the most satisfactory in terms of base-line fit was 


non-retail 
log | ae | = -.2478 + 1.272 log RDP , (1) 
(0552) (.119) 


TABREP S225 
SALES OF LUBRICATING OILS 


THROUGH CHANNELS OTHER THAN RETAIL PUMP QUTLETS 


Year 
1963 
1964 
1965 
1966 
1967 
1968 


Source: 


(Units: 1000 Barrels) 


Non-Retai] Non-Retai] 
Sales of Lube Oil Year™” Sales..of’ Lube 011 
879 1969 1519 
938 1970 1471 
1045 LOT 1562 
1385 Lo72 1653 
1319 1973 2078 

1368 


"Refined Petroleum Products," Publication 45-208, 
Statistics Canada, Ottawa. 
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TABLE 5.16 


SALES OF LUBRICATING OILS 
BY SECTOR OF THE ECONOMY IN 1973 
(Units: 1000 Barrels) 


Sector Sales Percentage 
Farms 80 360 
Governments 45 Dee 
Construction 88 4.2 
Forest Products and 65 aad 
Paper Industry 
Mining and Related 87 4.2 
Industries 
Railways 74 3.6 
Marine 17 0.8 
Other 1622 rhea 
Total 2078 100.0 


Source: "Refined Petroleum Products," Publication 45-208, 
Statistics Canada. 
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where RDP is an index of Real Domestic Product for Ontario (1961 = 1.000), 
and non-retail sales are measured in millions of barrels. This regression 
had a Re = .93. The standard errors are presented in parentheses. 

Figure 5.3 shows total non-retail sales and the fitted curve (using 


actual values for RDP). 


Forecasts received from the Ministry of Transportation and Communications 
- show projected annual growth rates in the RDP index for Ontario of 5.4 
percent from 1970 to 1975, 5.2 percent from 1975 to 1980, and 4.7 percent 
from 1980 to 1985. Although these forecasts are not dated, they do not 
appear to take into account the 1974-75 recession. Hence, we have con- 
Sidered a variant of these forecasts in which the growth of RDP is one 
percent in 1974 and 0.0 percent in 1975, returning to the Ministry's 
growth rate projections after 1975. Table 5.17a gives RDP indices under 
these two alternative forecasts and the corresponding non-retail sales 


forecasts obtained from Equation (1). 


An alternative approach to Fareraverhy Ontario lube oi] demand is to apply 
all-Canada forecasts on total lube and grease sales. These forecasts for 
rates of growth may be reasonably plausible for non-retail Ontario lube oi] 
sales, since retail sales of lube oil and all grease sales are small frac- 
tions of the total. However, this requires that there be no systematic 
provincial differences in demand characteristics. Table 5.17b gives fore- 
casts for non-retail sales in Ontario based on the assumption that these 
Sales grow in a pattern paralleling the all-Canada total lube and grease 
sales forecasts until 1976, and thereafter grow at the rates given in the 


adjusted forecasts in Table 5.17a. 
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Quantity in Million Barrels 


Figure 5.3 


Non-Retail Sales of Lubricating Oils in Ontario 


Year 
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TABLE. b7D 


NON-RETAIL SALES FOR ONTARIO PREDICTED 
USING ALL-CANADA FORECASTS TO 1976 


Year 
1973 
1974 
1975 
1976 
1977 
1980 
1985 


Average 
74-85 


Predicted 


sales ‘° 


2077 (4) 
2210 
2051 
2144 
2287 
2778. 
3719 


) actual 
(b) "Present and Projected Lubricant Situation in 


Index of 


Predicted Sales 


98.7 
100.0 
92.8 (>) 
97.9) 
103.55) 
125.7 
168.3 


% 
Change ‘©? 


4.8 


Canada 1975-1985"; Department of Industry, 
Trade, and Commerce; Ottawa; December, 1975. 
(c) Annual rate 
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Among the forecasts given in Tables 5.17a and 5.17b, we believe that the 
One made in Table 5.17a using Equation (1) and adjusted RDP values is 


the most plausible. Hence, we utilize this in our remaining forecasts. 


5.4 Total Sales of Lubricating Oil 


The retail sales forecast from Table 5.13 and the non-retail sales fore- 
cast from Table 5.17a can be combined to yield a composite forecast for 
total lube oil sales in Ontario from 1975 to 1985. These results are 


given in column 4 of Table 5.18. 


From Table 5.3, the reported total lube 011 sales by major producers in 
1974 was 3.0 percent higher than 1973, in contrast to the predicted growth 
rate of 5.8 percent obtained from Equation (1). The reported figures 

may suggest an upward bias in forecast total sales because of an over- 
estimate of 1974 growth in RDP. If in fact growth in demand from 1973 to 
1974 were at the 3.0 percent rate, then total demand would be 2555 thousand 
barrels in 1974, 2591 in 1976, 2728 in 1977, 3243 in 1980, and 4159 in 1985. 


5.5 Sales by Type of Oil 
Table 5.3 provides a breakdown by type of oi] of total sales by major sup- 


pliers in Ontario. Table 5.19 expresses this distribution in percentage 
terms. The distribution shows very little variation over time. For the 
purpose of forecasting, we have computed an average distribution by taking 
the average of the distributions for the years 1970-74. This average dis- 
tribution is given in Table 5.20. The distribution in Table 5.20 compared 
with the all-Canada distribution of production suggests that either a) major 
0i1 companies (BP, Gulf, Imperial, Petrofina Canada, Shell, Sun, and Texaco) 


are overrepresented in the industrial oi] market and underrepresented in 
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TABLE 5.18 


TOTAL SALES OF LUBRICATING OIL 
(1000 bb1.) 


Year Retail ‘°) Non-Retait‘P) Total * Change 
1973 404* 2077 24g '2) --- 
1974 414 2210 2624 5.8 
1975 424 2236 2660 1.4 
1976 425 2236 2661 0.0 
1977 427 2375 2802 5.3 
1980 479 2852 3331 5.9 
1985 501 3770 4271 5.1 


(a) Observed total, from Table 5.1. 
(b) From Table 5.17a--Equation (1) Adjusted. 
(c) From Table 5.14 
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TABLE 5.19 


PERCENTAGE DISTRIBUTION OF SALES OF LUBRICATING OILS & GREASES BY YEAR, 
FOR THE PROVINCE OF ONTARIO 
(Units: Percents ) 


6977) 1970 1oht 1972 Lon 1974 


Oils 
‘Automotive 
Crankcase Oils C6044 (90.98 OF Sh aL 38.499 SFa LL 
Hydraulic Oils 6.90 D9 1 6.69 5.97 5,00 b.o2 
Gear Oils 2.07 2.03 2.02 1.99 2:46 2.05 
Miscellaneous PUN Looe VON. Suer Osmmue Oo. 0G) Ae 06 
45.41 46.95 47.85 45.42 49.29 45,54 
Industrial 
Engine OI1s Al) SeOL 4.15 4.14 iy fs) Sie i 
Hydraulic Oils boeoom 915 88°) vloeze, 19255" “16.05 617416 
Gear Oils AXSY Coe 2.34 2.08 2.00 (aos 
Metalworking Oils 3.58 5.06 Say 3356 3.79 3.30 
Process Oils 2U0Gs als 205 2 OR LL hele 6540 10a, 
Miscellaneous oct wets (00 SO Ae ees Ubu aa 1G 4) Bare 
D0 OO.0a = enti.) Oooo SOTTO: © BAeae 
Greases 
Automotive gomeo a5. 10 40 14 da 69 46,10 AZ 12 
Industrial Ghee 04.09 5 59-09 'So.dd 53,9P ~ "57.87 


*One respondent out of seven did not submit a report for 1969. 


Source: Survey of Major Marketers By Ministry of Energy. 
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TABLE 5.20 


AVERAGE PERCENTAGE DISTRIBUTION OF SALES 
OF LUBRICATING OILS AND GREASES IN ONTARIO AND CANADA 


Ontario(@) Canada‘>) 


Automotive 
Crankcase Oils 36.1 52 
Hydraulic Oils 622 3 
Gear Oils Z.'| 2 
Miscellaneous Pa al 
46.5 57 

Industrial 
Engine Oils CNY 7 
Hydraulic Circulatory 16.9 13 

and Turbine Oils 

Gear Oils oe fl 
Metalworking Oils aoe ] 
Process Oils 18.9 ly: 
Miscellaneous Owe: ee 
53.5 43 


*The entry in Table 5.20 for metalworking oils for 1970 was 
omitted from the averaging, because it appeared to be unre- 
liable. Averages were scaled slightly in order to obtain a 
sum of 100.00% 


(a) Survey of Major Marketers 

(b) "Present and Projected Lubricant Situation in Canada 
1975-1985"; Department of Industry, Trade, and Commerce; 
Ottawa; December, 1975 


the automotive oil markets, or b) in comparison to Canada as a whole, 
Ontario is a heavy consumer of industrial oi] relative to automotive oils. We 
believe the latter to be the case, and thus maintain the assumption that 
Table 5.20 is an accurate forecast of total as well as major product dis- 


tribution in Ontario. 


Utilizing the total sales forecasts in Table 5.18 and the percentage dis- 
tribution in Table 5.20, we obtain the forecasts of demand by type of oil 


Shown in Table 5.21. 


9.6 Sales by Type of Trade 
Table 5.1 displays sales of lube oils by type of trade in Ontario which are 


available from Statistics Canada for the years 1963-1973. These data 
contain a very large "other" category representing sales of unknown 


destination. 


The survey of major lube oi] suppliers requested a detailed breakdown by 
end use in order to clarify the distribution of sales of oils and greases 
by type of trade. The objective was to reduce the "other" classification 
and to provide data for sales in the categories “commercial road transport, " 
“steel and metallurgical an be "utilities", and “other manufacturing". 
The response was mixed, with one firm supplying no information and the 
others submitting reports with varying degrees of detail. Table 5.22 gives 
reported non-retail sales from the survey as a percentage of Ontario non- 
retail sales reported by Statistics Canada. Table 5.23 gives the survey 
response. However, there is some evidence that sales for resale outside 
Ontario are included in the reported totals; please refer to Table 5.2 


in this regard. 
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TABLE 5.21 


FORECAST OF LUBRICATING OIL SALES IN ONTARIO 
BY VEYPE ORcOLe 
(Units: 1000 barrels) 


W975 1980 1985 


Automotive oils 


Crankcase 1013 1269 1627 
Hydraulic 165 207 265 
Gear 56 70 90 


Other S é 4 


Industrial Oils 


Engine 98 te) 158 
Hydraulic 450 563 722 
Gear 59 73 94 
Metalworking 96 EZ 149 
Process* 503 630 807 
Other cal 276 354 


*May contain base stocks sold to blenders. 


TABLE 5.22 


MINISTRY OF ENERGY--TEKNEKRON SURVEY RESPONSE 
AS A PERCENTAGE OF ONTARIO NON-RETAIL SALES 
OF LUBE OILS AND GREASES 


Year Percentage 


1969 82 
1970 89 
1971 85 
172 85 
73 7) 
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TABLE 5.23 


SALES OF LUBE OILS & GREASES TO ULTIMATE CONSUMERS, ONTARIO, 1969-1974 
(Units: 1000 Barrels) 


1969, [IO eT 972 ors Love 
Retail Pump Outlets 248.42 291.14 308.74 306.40 301.83 342.08 
Construction 66.28 6559! 68.51 68.35 75,03... (Sieoo 
Farms 52.16 48.91 51.00 Seco 63.09 64.77 


Forest Products & A} 239 EL ks 72.49 Tose 79.37 ~“Gic60 
Paper Industry 


Mining, Smelting, 82.42 82.08 87.86 77.34 92.80 95.54 
Quarrying, & Petroleum 


Exploration 
Railways 46.61 56.47 69.473 73-62 6/43. - 410.62 
Marine 4.19 5.82 5.36 6.26 Os a 6.97 
Commercial 154.06 153.47 146.68 140.41 164.69 163.37 


Road Transport 


Steel & 196.46, 256.11 ~252548 . 292.52 25/204 253058 
Metallurgical Plants 


Other Manufacturing 386.59 393.52 384.21 442.66 427.91 435.24 


Governments 24.48 24.50 26.03 25.69 26.71: | 26ceE 
Utilities 99.33 90.24 87.90 Siwy 4 Views isles 
Others 105.36. 106220) 219592” 125706" 7 141.05) Tse 

Total 1537.81 1645.54 1681.17 1768.63 1818.43 1884.31 


Source: Survey of Major 0il Companies by the Ministry of Energy. 
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Table 5.24 compares the survey responses with Statistics Canada figures 
for Ontario (from Table 5.1). We note that the distributions implied by 
these sources are at considerable variance and shift from year to year. 
Factors contributing to this variability are the large undistributed 
"other" category in the Statistics Canada figures and the variation in 


reports by the surveyed firms. 


| Table 5.25 shows a composite breakdown of non-retail sales. This distri- 
bution was obtained by combining Statistics Canada data for 1970-73 with 
the data for additional categories in the survey. All quantities are ex- 
Pressed as percentages of non-retail lube oil and grease sales. Table 5.26 
also gives an average distribution of sales by type of trade, computed by 
averaging the four columns in Table 5.25. Combining Tables 5.18 and 5.25, 
we Obtain forecasts of non-retail sales by type of trade, as shown in 


Tabler5a27< 


9.7 Supply and Disposition of Lube Oils and Greases 


The overall flow of lube oils and greases in and out of Ontario is described 
in Table 5.28. Sources of supply include production, inventory changes, net 
deliveries from major marketers and distributors, and foreign imports. The 
"production" figure is a composite of refinery output (of both base stocks 
and finished oils), oi] additives and other materials and of inter-product 
transfers. These inter-product transfers consist mainly of reclassifica- 
tions of partially finished base stocks previously classified as products 
other than lube oils and greases. Imports include only receipts from for- 
eign countries into Ontario. Data on lube oil supply are displayed graphi- 


cally in Figure 5.4. 
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TABLE 5.24 
COMPARISON OF QUESTIONNAIRE RESPONSES WITH STATISTICS 
CANADA FIGURES. SHOWN ARE PERCENT RATIOS OF 


QUESTIONNAIRE ENTRIES TO STATISTICS 
CANADA FIGURES. 


Year 

Sector 1969 1971 1973 
Retail 62 76 74 
Construction N/A FS 80 
Farms 74 7 75 
Forest Products 

and Paper N/A 164 119 
Mining, etc. N/A 67 96 
Railways 92 80 88 
Marine ra 45 47 
Governments 39 47 60 
Total 78 83 71 
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TABLE 5.25 


SALES OF LUBE OILS AND GREASES AS PERCENTAGE OF 
TOTAL NON-RETAIL SALES 


ROT en eee mee aS 
Construction yale 3.66 4.00 4.38 
Farms O92 4.4] 4,38 3.94 
Forest Products and Paper ep rae, Cini 2.74 3011 
Mining, etc. Sey SS) 7.96 4.48 
Railways 4.15 5.36 5.14 309 
Marine 0.93 OF. 0.82 0.81 
Governments 3.24 See 3.60 Zot 
Road Transport 10.07 9.04 SoES Zonk 
Steel and Metallurgical 

Plants 16.80 15452 17.06 12.01 
Utilities 5:91 5.42 4.78 5.28 
Others 38.70 41.64 41.37 52.02 


Note: All quantities shown are percentage ratios to Statistics Canada 
totals for non-retail sales of lube oils and greases. Sales 
figures for categories "construction" through "governments" are 
taken from "Refined Petroleum Products." Sales figures for 
"road transport," "steel and metallurgical plants" and "utilities" 
are taken from the Ministry of Energy survey. Percentages for 
"other" sales are obtained simply by subtracting the sum of all 
other percentages from 100.0. 
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TABLE 5.26 


SALES OF LUBE OILS AND GREASES AS PERCENTAGE OF 
TOTAL NON-RETAIL SALES 


(Average Values for 1970-1973) 


sector Average 
Construction 4.3 
Farms 4./ 
Forest Products and Paper oe 
Mining, etc. 6.6 
Railways 4.6 
Marine 0.8 
Governments Sl 
Road Transport ora 
Steel and Metallurgical We 
Plants 
Utilities Did 
Other 43.6 
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TABLE 5.27 


ESTIMATED SALES OF LUBRICATING OIL BY TYPE OF TRADE 


(Units: 


Sector 

Construction 

Farms — 

Forest Products and Paper 
Mining, etc. 

Railways 

Marine 

Governments 

Road Transport 


Steel and Metallurgical 
Plants 


Utilities 


Others 


1000 Barrels ) 


195 
342 


119 
975 
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577 
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Quantity in Million Barrels 


OTHER SOURCES 


IMPORTS 


PRODUCTION 


63 65 67 69 71 hie 75 
Year 


Figure 5.4 


Sources of Supply of Lubricating Oils and Greases 


The total supply is apportioned among several channels of disposition. 

A large portion of the lubes flows out of Ontario to other provinces as 
"net inter-provincial transfers". Foreign exports are generally very 
small. The entry "adjustments" includes losses, oi] for own consumption 
by producers and census adjustments. Finally, net sales of lube oils and 
greases in Ontario are shown separately. These data are displayed graph- 


ically in Figure 5.5. 


In Table 5.29, average daily production (365 days/year) is compared 
with daily finished lube refining capacity in Ontario. Finished lube 


capacity for all of Canada is also included. 


From 1963 to 1970, the ratio of production to capacity exceeds 100 percent. 
This apparent contradiction arises from deficiencies in both the produc- | 
tion and capacity figures. As mentioned above, the "production" figure 1s 
an estimate derived from a combination of straight lube production and 
inter-product transfers. On the other hand, the capacity figures include 
Only the main large refining plants in Canada. Nevertheless, the figures 
indicate that in recent years production has been running somewhat below 


full capacity in Ontario. 


Inventories and receipts from other companies have generally played a 
small role in the supply picture. Imports, on the other hand, accounted 
for 35% of total supply in 1974. Imports increased rapidly from 1963 to 
1965 in response to rising demand from both inside and outside Ontario. 
They remained fairly constant from 1965 to 1969, except for temporary 
peaks in 1965 and 1969 - a response to peaks in lube oi] demand in those 
years. The sharp drop in imports in 1970 coincides with the opening of a 


Q 


220 


Quantity in Million Barrels 


Figure 5.5 


Disposition of Lubricating Oils and Greases 
(not including adjustments) 
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TABLE 5.29 


FINISHED LUBE REFINING CAPACITY COMPARED WITH 
REFINERY PRODUCTION IN ONTARIO 


(Units: Barrels/day) 


Ontario Production Canada 

Finished As Percent Finished 
Year Production(1) Lube Capacity(2) Of Capacity(3) Lube Capacity(2) 
1963 4688 4420 106 6750 
1964 4504 4420 102 7020 
1965 4627 4420 105 7020 
1966 4515 4350 104 6910 
1967 4792 4650 103 7210 
1968 4901 4650 105 7010 
1969 4860 4650 105 9370 
1970 5077 4650 109 9570 
1971 5003 5850 86 11470 
1972 5164 5850 88 11710 
1973 5660 7150 79 13210 
1974 6025 7050 85 13110 


Sources: 1. Table 5.28 
2. National Petroleum News Factbook 
3. Based on 365 day/year. 


major refining facility (Shell) in Montreal; a similar sharp drop is also 
seen in inter-provincial transfers. Since 1970, imports have once again 

climbed steadily at a linear trend with slope 140,000 bbl/year since 1971. 
This trend will probably continue until the addition of major new refining 


facilities by Gulf (see Section 5.8 below). 


Inter-provincial transfers out of Ontario have followed essentially the 

same trends as imports. In fact, in most years, imports and transfers are 
fairly close in magnitude. Thus, Ontario serves in effect as a way-station 
for a large portion of foreign imports consumed in other provinces. Foreign 


exports have been negligible. 


Sales of greases constituted only two percent of the total supply and 
three percent of lube oil and grease sales in 1973. Grease sales have 


fluctuated considerably but have exhibited little tendency to grow steadily. 


5.8 Impact of New Refinery Capacity on the Lube Oil Supply in Ontario 


In late 1975, Gulf Oil Canada announced plans to construct a new lube oi] 
refinery at Clarkson, Ontario. The purpose of this section is to evaluate 
the impact of this new facility on lube oi] supply in Ontario and to dis- 
cuss the implications of this new source of supply for investment in 


facilities for waste oil re-refining. 


The plant is slated to open in 1979 with a reported lube producing capacity of 
9900 bbl/day. This amount represents a large fraction of existing Canadian 
capacity: 44% of total Canadian capacity (13,410 bbl/day in 1975) and 84% 
of Ontario's capacity (7050 bbl/day in 1975). (See Table 5.30.) If opera- 


ted at 90% of capacity, the new refinery will produce 1.94 million barrels 
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TABLE 5.30 


FINISHED LUBE CAPACITY, BY PLANT 
IN CANADA, 1963 - 1975 


Gul f Gul f Imperial Oil Ltd. 
Clarkson Montreal Edmonton Sarnio 
Ontario Quebec Alta. Ont. Shel] 
Year Plant Plant Plant Plant Montreal TOTAL 
1963 W220 330 2,000 3,200 6,750 
1964 Teed 600 2,000 3,200 fe Z0 
1965 1,220 600 2,000 3,200 7,020 
1966 ls'50 560 2,000 3,200 6,910 
1967 1,150 560 2,000 3,500 7,210 
1968 1,.'50 560 1,800 3,500 7,010 
1969 15.150 560 1,800 3, 0UG 2,360 9,370 
1970 1,150 560 2,000 3,500 2,360 9,570 
1971 Ly F590 560 2,700 4,700 2,360 11,470 
1972 if, $58 560 2,700 4,700 2,600 hh 18 
1973 1 50 560 2,900 6,000 2,600 | 13.210 
1974 TF, 150 560 2,900 5,900 2,600 13,110 
1975 1,150 560 2,900 5,900 2 5900 13,410 


Source: National Petroleum News Factbook, McGraw-Hill, 1963. 
Units: Barrels/Day 
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of lubes per year, an amount comparable to Canada's total imports in 1974 
(1.78 million barrels). The opening of such a large refinery is bound to 
have repercussions well beyond the borders of Ontario. Therefore, it will 


be necessary to look at the entire Canadian supply picture. 


Fortunately, there is a precedent to Gulf's proposed venture. In 1969, 
Shell opened a new refinery in Montreal. Its lube capacity, 2360 bbl/day, 
added 34% to Canadian capacity existing in 1968 and 421% to the capacity 
existing in Quebec. The opening of the plant radically altered the flow 
of lubes in Canada. The transformation is described in Table 5.31. In 
1968, Quebec produced only 18% of the lubes it consumed. Of the remainder, 
37% came directly from foreign sources and 46% from other provinces, prin- 
cipally Ontario. In 1970, production reached 90% of consumption, foreign 
imports dropped to 12%, and the province became a net exporter of oil to 
other provinces. The near self-sufficiency of Quebec led to large reduc- 
tions in foreign imports in other provinces as well. (Note that the figures 
shown in Table 5.31 are net flows and do not describe actual inflows and 


outflows of lube products. ) 


The principal changes in net lube flows are depicted in Figure 5.6. From 
1968 to 1970, consumption increased only modestly while production outside 
of Quebec rose only by a small amount. The primary impact of the 748,000 
bb1 increase in Quebec's production (87% of the Shell plant capacity) 
was a reduction of 635,000 bbl in foreign imports. This reduction was 
distributed throughout Canada in three ways: 

1. A reduction of 245,000 bbl in direct imports into Quebec. 


2. A reduction of 246,000 bbl in direct imports into Ontario, with 
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a concomitant reduction of 243,000 bbl in Ontario's exports to 


other provinces. 


3. A reduction of 144,000 bb] in imports to provinces other than 
Quebec and Ontario. Inter-provincial transfers to these other 


provinces increased by 263,000 bbl. 
In addition to these, small changes occurred in minor sources of supply, 


such as inventories and receipts from other companies in Canada. 


The current supply situation in Ontario differs substantially from that | 
of Quebec in 1968. Although Ontario showed foreign imports of 1,145,000 
bb] in 1973, the province exported an almost identical amount, 1,149,000 
bb], to other provinces in Canada. Thus, Ontario seems to act as a "port 
of entry" for a large portion of Canadian lube imports. In fact, in 1974, 
imports into Ontario accounted for 72% of Canadian imports, while consump-- 
tion in Ontario was only 43% of the total. On the other hand, production 
in Ontario has not risen as fast as consumption in recent years. In 1970, 
lube sales exceeded lube production by 81,000 bbl (4% of sales), but by 
1973 the gap had widened to 483,000 bbl (19% of sales). If sales increase 
by 663,000 bb] from 1973 to 1979 (assuming constant grease sales) as indi- 
cated by our forecast, the gap could widen to at most 1,150,000 bbl 

well below the projected production of Gulf's plant. About 790,000 bb] 
would be left over for export to other parts of Canada, or perhaps even to 


foreign countries. 


These calculations clearly show that the opening of the new refinery will 
have strong repercussions within Ontario and beyond the borders of Ontario. 
A full assessment of the plant's impact would require a comprehensive anal- 


ysis and forecast of the entire Canadian lube oil supply-demand situation. 
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Such a broad study is beyond the scope of this report; nevertheless, a 
simple analysis of the Canadian lube oil situation can provide a perspec- 


tive for assessing the impact of the Gulf refinery. 


The supply and disposition of lube oils and greases for all of Canada is 
described in Table 5.32. Since 1970, sales of lubes have risen at an 
average annual rate of 6.0 percent, while production has climbed at 5.9 
percent. The gap between sales and production has widened slowly from 
about 1.30 million bb] to 1.37 million bb1. Imports have risen 

at a faster rate, from 1.19 to 1.78 million bbl, although one should 


note that in 1974, 440,000 bbl were absorbed by inventories, somewhat 


distorting the supply picture. 


According to the forecast by the Department of Industry, Trade and Commerce,* 
Canadian sales of lube oils and greases will grow from 6.16 million bbl 


in 1973 to 6,89 million bb] in 1979, an increase of 730,000 bbl. 


On the other hand, our forecast for Ontario alone indicates an increase of 


660,000 bb] by 1979, which, if extended proportionately to all Canada 


in the same ratio as 1973, suggests an increase of about 1.6 million 


bb] by 1979. Since we have not studied in any detail the future 
demand for lube oi] outside of Ontario, we will accept the Department's 


forecast in the following analysis. 


Next to demand, the second element to be considered is refining capacity. 


Although no entirely new refineries have been built in Canada since the 


* "Praesent and Projected Lubricant Situation in Canada, 1975-1985." 
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Shell plant, refining capacity at existing plants has increased by 37% 
from 1970 to 1974. As mentioned above, the increases in production on 
the whole kept pace with the increases in sales from 1970 to 1974. If 
this trend Kontinues we can expect imports to increase slowly from their 
1974 level of 1.8 million barrels. The fact that demand is expected to 
grow at rates lower than those in the past suggests also that gradual 
increases in capacity at existing plants may be sufficient to meet most 
increases in sales. Indeed, the Department's forecast calls for almost 


no change in Canadian imports over the next decade. 


These considerations, together with the preceeding analysis of the open- 
ing of the Shell plant, lead to the conclusion that the primary impact 
of the new Gulf refinery will be a drastic reduction in Canadian imports 
of lubes. The expected production from the plant coincides with the 
expected level of imports, so that for a short period, at least, Canada 
may come close to self-sufficiency in the production of lubes. Since 

72% of Canadian imports enter through Ontario, the location of the plant 
in that province will make the process of replacing imports with domestic 
production even easier. As with the Shell refinery, massive shifts in 
the pattern of flow of lubes can be expected within a brief period after 
the opening of the plant. The frictions encountered in such shifts are 
likely to lead to oversupply of particular products and particular regions, 


with lower oil prices as a result. 


The period immediately preceeding and following the opening of such a 
relatively large plant is likely to be full of uncertainty for both pro- 


ducers and consumers of lubes. The sudden dislocation of established 
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patterns of supply may pose additional difficulties for any new re- 
refineries to be built in the last half of the present decade. This 

is especially true for a re-refinery attempting to compete for sales 
of base stocks in the wholesale (blender) market. Production from the 
Gulf refinery will initially exceed that company's requirements for 
sales to ultimate consumers. While Gulf attempts to expand their final 
user market, they will be forced to sell excess lube production to firms 
who now depend on other Canadian refiners and imports for base stock 
supply. As Gulf's sales to ultimate consumers rise, the fraction of 
production from the new facility which is made available to blenders 
will, of course, fall. During this period total Canadian lube oi] 
demand will also increase, thereby, reducing the pressure on wholesale 


prices. 


A re-refinery serving the industrial market, such as the closed-cycle 
facility described in Chapter 2, would be less vulnerable to competition 
from other marketers following the opening of the Gulf refinery. This 
is because the closed-cycle re-refiner is providing a service rather 
than a product to his industrial clients. If the re-refiner was able 

to compete successfully in the final user market in order to establish 
his industrial business, the existence of increased price competition 
brought on by a temporary supply surplus would not change the advantage 
a user gains by dealing with a firm which can both supply quality oil 
and eliminate the problem of waste oil disposal. Conversely, in the 
wholesale market, a re-refiner can compete only “ the basis of price. 
Should a re-refiner be unable to meet the price offered by other suppliers, 


a blender has little reason to do business with him. 
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There exists one additional possibility: a large portion of the new 
production could be diverted to other countries, especially the United 
States. This occurrence would represent a departure from the historical 
trend of almost zero exports of lubes. J. L. Helm* has predicted that 
lube supply in the U.S. will keep well ahead of demand over the next 10 
years. These two factors, combined with the hindrance of tariff barriers, 


seem to rule out the possibility of large exports to the U.S. 


* Helm, J. L.; “The Outlook for Lubricants. " 
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6. SURVEY OF ATTITUDES TOWARD RE-REFINED PRODUCTS AND 

ASSESSMENT OF MARKET POTENTIAL 
6.1 Indroduction 
The purpose of this chapter is to report the results of a study of 
the practices and attitudes of commercial and industrial consumers 
as they related to the indroduction and utilization of re-refined 
lubricating oil products. In this study "commercial" means commer- 
cial transportation, and "industrial" refers to firms that utilize 
lubricating oils in their production processes, thus excluding those 


in which lubricating oils become part of the product. 


There is also a third market, which consists of lube oil blenders. 
This third market exists because base lubricating 01] requires dif- 
ferent chemical additives for various end-uses. Blenders include the 
major oi] companies who refine base lubricating 011 and independent 
blenders. There are a number of independent blenders within Ontario 
who currently purchase base lubricating oil stocks from major oi] 
refiners and blend in specific additives to meet the requirements of 
Specialized markets. These blenders compete with the major oil com- 
panies that refine crude oi] and perform their own blending. A blend- 
er is able to compete successfully with the majors because: 


1. He has earned a reputation for producing a high quality 
product or specific type of product, or 


2. His marketing activities focus on specialized end uses, 
especially in the industrial section. 


Since commercial and industrial firms and blenders represent 


potential markets for an oil re-refiner, in-depth interviews 
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were conducted with a selected group of these companies in 
Ontario. The goal of the interviews was to determine the 


attitudes of these firms towards the use of re-refined oi] products. 


Section 6.2 is a summary of the interviews with commercial 
and industrial firms. Section 6.3 is a Summary of responses of 
representatives of industrial and commercial firms to a number of 


the key questions asked during the interviews. 


Section 6.4 presents the results of the interviews with blending 
firms. Section 6.5 is a summary of the survey of attitudes and 
an evaluation of the potential future demand for re-refined oils. 


Section 6.6 is a summary of the marketing channels for lubricating 


oil in Ontario. 


An assessment of the attitudes of retail consumers toward the use 
of re-refined crankcase oil in private cars has not been included 


in this study. Assessments of this market are available elsewhere. | 


The intention of this chapter is to focus on the commercial and 


industrial sectors in which relatively few buyers purchase large 
quantities of lubricants. Thus, a re-refiner might concentrate 


his initial efforts on this sector with a limited marketing budget. 


The purpose of the study was to explore the attitudes and practices 
of firms regarding lube oil purchase, use, and disposal. Accordingly, 
a detailed questionnaire was developed to guide in-depth personal 
'Teknekron, Inc., "A Technical and Economic Study of Waste 0i1 


Recovery - Part II: An Investigation of Dispersed Sources of 
Used Crankcase Oils," EPA Contract 68-01-1806, June 1974. 
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interviews in a systematic manner. (This questionnaire is found in 


Appendix 2 of Volume 2 of this report.) 


Preliminary consultation of census publications suggested that the 
time and available funds would be best spent on studying large 
users Of lube oils in a few key industries, e.g. steel, fleet 
trucking, industrial tools and parts, etc. Interviews were held 
with 31 individuals representing 22 firms. In several instances, 
it was possible to interview both purchasing managers and "users" 
of lube oils. The time required for the interviews ranged from 

an hour and 15 minutes to two and one-half hours, with the mode 


requiring 1 hour and 45 minutes. 


The interviews took place in Toronto, Burlington, Hamilton, and 


St. Catherine's during a total of two work weeks; a portion occurring 


jin December, 1975 and a portion in late January, 1976. 


Following the interviews, detailed notes were prepared of the 
various responses that resulted from the questions contained 


in the questionnaire. 


The response of persons interviewed ranged from extreme openness 
to various degrees of caution. Specifically, in the latter case, 
answers to questions regarding prices, quantities and specifics 


of waste oil handling were avoided. 


At the beginning of each interview, the respondent(s) was told that 


the purpose of the study was to understand industry-wide practices 


and attitudes regarding lubricating oils. It was explained that 


Q 


references to individual firms would not appear jn the report 
nor would there be a transfer of data, in any form, referencing 


the name of the firm. 


6.2 Summary of Interviews with Commercial and Industrial Firms 


On the basis of our experience with the study of buying decisions 
by industrial organizations, and given the specific purpose of the 
Study, we decided that the best allocation of the interview time 
would be to the following areas: 

e Characteristics of interviewee(s) and firm 

@ Types and volumes of lubricating oils purchased 

@ Lubricating oil prices 

@e Purchasing process 

@® Security of supply 

@ Potential substitution 

e Use of Re-refined Oi] 

@ Use of synthetic oil 

@ Disposal of waste oil 


@ Government regulations 


The questionnaire was designed to provide a logical flow of probing 
questions. A number of questions served as cross-checks for answers 
to previous questions. Great care was taken not to mention the 
word "re-refined oils" during the early parts of the interview. 
Introduction of the subject of re-refined oils did not actually 


occur until the 27th question. 


6.2.] Characteristics of the Interviewee and Firm 

Information regarding these characteristics is given by answers to 
questions 1, 6a, 6b, and 6c (see also questions 2, 3a, 3b, 4, 5, 
and 6d in the questionnaire). Section 6.3 contains the tabulation 


Of answers to these questions. 


All the respondents had the responsibility for purchasing lubricating 
oils. Technical support was sometimes required during the interview 
from engineers and research and development personnel. Some of the 

respondents were not only responsible for purchasing the lubricating 


oils but were also responsible for their use. 


The number of years that the interviewee had been purchasing or 

_ utilizing lubricating oils covered a wide range; the least amount 
of experience was 2 years, the most was 27 years. Over 60 percent 
of those interviewed had in excess of 10 years of experience. The - 


(arithmetic) average was 11.8 years. 


A major portion of the firms interviewed were either subsidiaries 
or divisions of major organizations, with over half of these 
Ownerships being outside of Canada. All the remaining firms had 


ownership within Canada or within Ontario. 


Eleven manufacturing companies were interviewed. Of these firms, 
two produce tools and parts for the automotive industry, three manu- 
facture steel and steel products, one manufactures rubber goods, 

and five manufacture a diversity of products. Four transportation 


firms, including one railroad and three trucking companies, were 
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interviewed. Two of the trucking firms are closely held and 
managed organizations; the third is a decentralized organization 
with individual driver ownership of the tractors and some trailers. 


There was also an interview with a city government. 


The total number of employees represented by the firms interviewed 
was in excess of 80,000; the highest number of employees in a single 
firm was about 35,000, the lowest was 350. The arithmetic average 
number of employees was over 5,000, and the mode was slightly 


greater than 1,200 employees. 


6.2.2 Lubricating Oils Purchased (Types and Volumes ) 

Questions 7, 8, 9, and 10 focused on the types and volume of 

Tube oils purchased during the year preceeding the interview. The 
total amount of lubricating 071 purchased by the firms interviewed 
in Ontario was in excess of 2.5 million gallons annually. The 
largest purchase was 1,770,000 gallons per year; the smallest was 
3,000 gallons per year. The arithmetic average was approximately 
180,000 each year, with the mode at approximately 60,000 gallons per 


year. 


The 1975 forecast for industrial lubricated oil sales presented 
in Table 5.21 indicate the following market segmentation: 


Million Imperial 


Gallons Percentage 
Hydraulic Oi] 15.750 31.5 
Metalworking Oi] 3.36 6.7 
Gear Oi1 2.065 4.1 
Engine Oi] 3.430 6.9 
Process Oi] 17.605 3053 
Other 72735 15.5 


49.945 100.0 


The 2.5 million gallons accounted for in the interviews represent 
about 5% of the forecasted sales of industrial oils in Ontario 


FORINT 5: 


Types of lubricating oils purchased by the firms interviewed are 
listed below in order of decreasing annual consumption. 

@ Hydraulic oils (rust and oxidation and anti-wear) 

@ Metal working oils (cutting oils) 

e Process oils 

@ Gear oils 

e Other 
This ranking is consistent with historical and projected volumes 


consumed by all industrial firms in Ontario. 


While the ranking by categories coincided with the forecast in 
Chapter 5, the percentages did not closely relate. The interviews 
indicated that more than 20 percent of the oils were used for metal- 
working processes, aS compared to the 6.7 percent projected for 

1975 sales. Ina similar manner, process oils accounted for about 
20 percent of the oi] volume as compared to 35.3 percent projected 


for 1975 sales in Ontario. 


There are several hundred oi] classifications based on usage and 
additives; not all oils can be readily assigned to the categories 
used in the interviews nor in the questionnaires sent to the major 
oil suppliers (refer to Chapter 5). Therefore it is doubtful that 
the coincidental similarity in the ranking of 071 volumes indteates 


a representative interview population. 
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Within the commercial transport industry, our interviews indicate 
that the potential use of re-refined oils might be precluded by the 
existence of engine warranty guarantees ranging up to the life of 
the engine. These warranties typically specify the type of oil re- 
quired. Partially as a result of this situation, the major 
centrally managed trucking firms interviewed have contractual 


arrangements for lube oi] supply with major oil companies. 


The centrally managed trucking firms had made a corporate decision 
to rely on a single supplier for all oils purchased. One firm 

was even following a program of ownership of a single class of 
engine to eliminate the possibility of using the wrong oil in an 
engine. The target objective of this firm was to overhaul engines 
and change oi] each 100,000 miles. The inadvertant use of the 
wrong oil had caused, in the past, more frequent overhauls at a 


cost of from $2,500 to $3,500 for each engine. 


The one trucking firm, where individual drivers own the vehicles, 
did not have a central maintenance facility. Rather, the owner/ 
driver was responsible for purchasing the type of oil required for 


his tractor. 


The major portion of the firms that were interviewed had specifica- 
tions for lubricating oils readily available. Typical specifica- 
tions were governmental and major oil company specifications; other 
suppliers could use these to provide quotations for comparable oi] 


classifications. Two of the firms interviewed had been dealing with 
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the same vendors for a number of years and received a specifically 
designed oi1 product; they were not aware of the specification. Such a 
situation would tend to block entry of an alternative supplier of 


lubricating oil products. 


6.2.3) Lubricating. Oi LoPrices 

Questions 13, 17a and 17b focus on lubricating oi] prices. A number 
of firms did not respond to these questions. For those firms that 
did, the total annual purchase was approximately $6,000,000; 

the high was $3.8 million and the low was $4,500 each year. 

The arithmetic average was approximately $500,000 a year; the mode 


was about $160,000 a year. 


There seems to be a tendency for the bulk of lubricating oil 
purchases in any given year to be from a single vendor, with other 
suppliers of general lubricating oils and specialty oils providing 
a much smaller portion. The bulk of the purchases were from the 
major oil companies. Only on two occasions were the majority of 
purchases made from a lubricating oi] blender rather than a major 


oil company. 


6.2.4 Purchasing Process 

Questions IbsclAs JosclOe 173 18an2bsr22si2e3candse2> fecussom the 
purchasing process for lubricating oil products in the respondent's 
firm. The purchasing department and the company's engineering or 
research and development departments have about equal influence in 
the selection of lubricating oils (see question 11). As a cross- 


check, a ranking of importance of different sources of influence was 
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requested in question 16. 


Responses to question 1] indicated that the company research and 
development engineers were the most important influence in product 
selection, and that the interviewee's office was the next important 
influence. Question 16 asked for a ranking by a first and second 
choice. Responses indicated that "my own office" dominated; the 
“company engineers" were consistently mentioned as the second most 
important influence. Probing during the interviews indicated that 
the typical practice in firms having an engineering staff was to 
have the engineer supply acceptable specifications. In some cases 
the engineer also supplied a list of acceptable suppliers. On 
several occasions the engineering personnel recommending specifi- 
cations and suppliers were not located in Canada. Ina few cases, 
the corporate officers provided the vendor selection. In these 
cases the same vendor had been supplying all the oil to the firm 


for a number of years. 


With regard to the factors that lead to the selection of specific 
vendors, answers were relatively balanced between "prompt delivery" 
and the "vendor's technical services." "Prompt delivery" was the 
most important consideration for firms where critical production 
processes could be interrupted by the unexpected loss of lubricating 
oil in the machinery. "Technical assistance" from vendors was 
important, even in cases where a firm had its own specialized lubri- 


cating oil research and development capabilities. 


Most of the prices established for the sale of lubricating oils 


came from "competitive bidding" or from "competitive bidding followed 
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by negotiation." In one case, at the direction of the company 
President, the individual "just paid the requested price" from a 


vendor he had been dealing with for 15 years. 


One of the most interesting practices uncovered is the increasing 
association of the purchase of lubrication products with the purchase 
of other senor: auch as gasoline, diesel fuel, grease, raw materi- 
als, and other merchandise, from a single vendor (see questions 

17 and 18). The existence of this association could make it difficult 
for new lube suppliers to gain entry. In fact, not one of the inter- 
views revealed a situation where the major purchases of lubricating 
oils were from firms different from those supplying other products 


listed in the questionnaire. 


None of the firms interviewed was able to report a predesignated 
plan of approach should there be a sudden shortage of oil. Each 
firm, however, felt that the recent price trends were in excess of 
real cost increases. Only two of the respondents had thought about 
the potential of re-refined oi] as a substitute should the price 


for virgin lube oils be greatly increased. 


Only one of the firms interviewed indicated knowledge of changes 
in materials, machinery or production processes that may affect 
future purchasing of lubricating oils. However, this firm, which 
anticipated a doubling of lubricating 011 requirements, purchased 


only 3,000 gallons a year. 
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6,2.5 Security of Supply 
Questions 12, 19a, 20a and 24 pertain to the security of lubri- 


cating oi] supply. 


Respondents indicated that maintaining an adequate inventory 

of lubricating oils ranged from "somewhat important" to “not 

very important." Those firms that thought it was important to 
maintain an adequate inventory were making such comments in rela- 
tionship to specific types of oils used in process equipment where 


uninterrupted service is essential to the firms' production. 


All interviews indicated that historically there had been no 
difficulty in obtaining the desired quantities of oil. Similarly, 
the interviews indicated that no firm had experienced difficulty 

in obtaining the proper quality of lubricating oil. Only a few 
interviewees indicated that within the next five years they expected 
a significant change in either the quantity or quality requirements 


for any of the lube oils now used. 


6.2.6 Potential Substitution 
Question 26a focused on the concept of potential substitutions. 
Up to this point, no mention had been made of either re-refined or 


synthetic lubricating oils. 
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With the exception of four firms, neither types of oils were 
mentioned during the interview by the respondent. Two 

of these firms were "recycling" from 100,000 to 200,000 gallons 

of oi] annually using equipment owned by the company. The other 
two firms were planning to install their own equipment in order to 
recycle from 300,000 to 500,000 gallons yearly. Recycling means 

a cleaning process involving only filters and centrifuges rather 


than the type of re-refining processes described in Chapter 1. 


6.2.7 Use of Re-refined Oi] 
Questions 27 through 40, with the exception of 30 and 35, focus on 


various aspects of the use of re-refined oi]. 


Four of the firms interviewed were using or had used re-refined 
oils. This represents about 25 percent of the firms interviewed. 
This unexpectedly high percentage was probably due both to the 
selection of those firms expected to use lawe quantities of oil 
and to the fact that 8 of the firms were located in Hamilton where 
a re-refiner had formerly been operating. Of the four firms which 


had used re-refined oi1, three had been using it in 1975. 


The organization that had ceased using re-refined oil was a city 
government. The city had been purchasing oil from a re-refiner 
because of the requirement that the vendor be selected on the basis 
of competitive bidding. However, in the most recent competitive 
selection for lube oil supplies the re-refiner had been underbid 


by a major oi] company by a few percent. 
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One of the three firms currently using re-refined oi] is a major 
railroad. The railroad purchased about 3 million gallons of 
virgin oil and about 700,000 gallons of re-refined oi] in 1975. 
An automobile parts manufacturer had been using re-refined hy- 
draulic oi], but did not reveal the quantity purchased. The 
remaining firm using pee mined products was a steel company. 
The steel company purchased about 300,000 gallons of hydraulic 
and 200,000 gallons of gear oils annually. However, the records 
were not totally applicable for the year 1975 because the re- 


refiner had gone out of business in that year. 


When asked if they expected to pay a different price for re-refined 
oils than virgin oils, most respondents demurred. The typical 
response was that they had not given the idea any thought. ney 
respondents who indicated that they would expect a price differen- 
tial gave rather specific answers as to what the price differential 
should be. Typical answers were "10% less," or "10 cents a gallon 
less," with one individual saying that the price differential must 
be extremely large for him to consider the use of re-refined oils. 
Two of the firms that would not expect a price differential normally 
evaluate the quality of oils purchased through a series of labora- 


tory tests. 


There did not seem to be any consensus as to whether "re-refined 


oils would compete strongly with virgin oi]1s now being used." 
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However, respondents believed that re-refined 011 would compete 
should there be either rapid price increases for or restrictions 


in the supply of virgin lube oils. 


Most respondents felt that blends of re-refined and virgin lube 

oils would not make re-refined oils more acceptable. In contrast, 
most respondents indicated that the use of re-refined 0i1 would be 
more acceptable if major oil companies were to produce and/or distri- 
bute re-refined oils. The rationale for this answer was that major 
oil companies have extensive marketing and technical services staffs 
needed to promote these re-refined products, and that the major oi] 
companies would be expected to produce a product of acceptable 


quality. 


6.2.8 Use of Synthetic Oi] 

Questions 41 through 49 focused on synthetic lube oils. However, 
of the firms interviewed, none had actually used synthetic oils. 

Two steel companies believed that a specific fire-resistant oil used 


in steel making, commonly known as "synthetic oi1," is a synthetic oil. 


However, this product is, in fact, a petroleum based lubricant. 


In summary, none of these firms had actually used a synthetic lubri- 
cating oil and only two of the firms interviewed had even considered 


the potential. One of those firms was a trucking comapny that was 


considering the use of synthetic crankcase oils. The other firm 


O 


had heard of synthetic oils, but after a quick review found them to 


be too expensive and relatively unproven, 


6.2.9 Waste 011 Disposal 
Questions 50a, 51a, 51b, 52a, 52b, 53a, 54, 56 and 58 focus on 


waste oi] disposal. 


Most of the firms interviewed did not use their waste oils internally, 
although three firms used their waste oil as fuel. Two of these 

firms were steel companies where large amounts of oi] that had 

been contaminated with animal and/or vegetable fats were burned. 

The compounding of mineral oil with vegetable and/or animal fats is 
typical in the preparation of "roll oils" used in the steel produc- 
tion process. All three firms using the burning disposal] method 


mixed waste lubricating oils with fuel oil prior to burning. 


Companies that did not use their waste oil internally had it 
removed by oil collection firms. In most cases waste oil removal 


was free. 


The highest price paid to a collection firm was 10 cents a gallon; 
the lowest price paid was 3 cents a gallon. In one instance, a 
firm was paid to have the waste oil hauled away. The payment 

was a flat fee of $500 annually. However, the interviewee 


had no records of the quantities of oi] removed. 


Only one firm had a contract for waste oil removal. In 5 cases a 


single company collected all the respondent's waste oil. In 9 cases 


more than one collector was involved. 
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Only two of the firms interviewed separated their waste oil by class 


of service. 


For the seven firms that maintained records, the total quantity of 
waste 0i1 collected was in excess of 100,000 gallons annually. The 
range was from 48,000 gallons to 2,000 gallons per year. The 

arithmetic average was 16,000 gallons a year. Data on the quantity 


of waste oi] collected annually appeared to be extremely poor. 


6.2.10 Government Regulations 

The closing question was "Are your options for waste oil disposal 

now limited by government regulation?" All of the respondents 

indicated there was no real limitation. Although several firms 

indicated that they were aware that the disposal methods used by 

the collection firms may be regulated, no one mentioned the specific 

disposal practice used by the collection firm. 

6.3 Summary of Numerical Analysis Pertaining to Commercial and 
Industrial Interviews 

Summaries of responses to specific questions asked during the 

interviews with commercial and industrial firms are provided below. 

Only those quantifiable questions have been summarized. A complete 

listing of all questions used during the interview may be found 


in Appendix 2 of Volume 2 of this study. 


The numbers listed before the questions below are the same as 


those used in the questionnaire. 


250 O 


puodsau yOu pip c 
00S‘ b ¢ <:Saseyound uwelLop 3saMo7 
000‘008*E$ :saseyound ueL Lop zseyhiy 
vesSteyS $  :Saseyound uelLop abeuary 
128‘°826‘S$ :Saseydund we,{op Leo, 
ESLLO aqn[ | [e& AOJS BSeyound uel LOp [e302 aU 
SOM 2eUM SueaA ySed ay} Ul “VIUL} OF WLY WOUJ pue AAYSnput 03 
Aaysnput wouy Leap zeauh e Auea Silo aqn, yo saseyound [e302 aul 
quequodut AuaA Jou sem zt YYbNOYU. 4 
quequodwi ZeyMawos sem 3L 2UBNOU 9 
quequodwi Auda sem 3t YUBnoYy 9 
Equeqodut AusA YOU vo *QuequodwL ZeUuMaWOS 
*quequodui Aaa Aes nok pynom “gpuey uo 110 Hulzedtuqn, so Auoquaa 
-UL azenbape ue uLequLeu 02 Auedwod wanok svoj Qt St Juequodut moy 
puodsau ou pip 
BALZOULWUDYaP SEM YUaWAUedap Hulseyudund Alay padat{aq T 
DALPeULWUAJap SeM UeWIaUO} S,AURKWOD UMO ULBY PdaAaL|aq T 


SALOULW 
-49Jap SEM JauNVIeynueW yUsWdiNba jeuLBLuO ayy paAdLjaq 2 


BALJRULUUaapP Sem (HuLSeyduNg) |dILJJO UMO UL|aYy paAett{aq ¢€ 
AALTRULUUAIID BuaM SusauLBUa Gg R Y ALaUuy paAdliaq s 


ZS[LO Butzedtuqny 40 
UOLZDIALIS Jy} UL B.UaN]{4yuUL aiemiodih SOW BY} SL |SayzZ 4$O aUO YOLYM 
*90ualuadxa Anok Ul ‘“MOL2G YSLL BY ze YOO! aseatd nod p[nom ‘MON 


puodsau you pLp 2 


“4 c00se paseyound yunowe 2SeMo7 

=. 000SOLL‘T :peseyound junowe ysaubLy 

r OS2‘I8T :paseydund yunowe abeuvaay 

suo, eb 664° 2ES‘*z :paseysund qunowe 1e.oO, 
gueak yseL 


aud UL ubnoq noA aaey [LO eqn, 40 suo,yeb Auew moy AjazewLxouddy 


OSE :soakojdwe jo uaquinu 4samoq 
O00SSE :SaaXo,dwa yo uaquinu yseudty 
t62°S :saaXoldwe yo uwaqunu sheuaay 
OLL‘¢8 :saaXoldwa [e}0! 
(Sudx4OM 4O “aquNN) Zauay pako|dwa aue susyx4om Quetd Auew MOH 


quawusaao6 ALD eB St | 
“C1 Suequodsuruy yyHhLeay Jue tf 
SugdNpoOud 1392S DLSeq due € 
S}2Npoud palylSusALp sInNpoud 
syonpoud ueqqnu sasnpoud [ 


Aazsnput 
PALPOWOJNS Jy 0} pazelau sautrbue pue $100} |B2npoud Z 


>SMO[LOJ SP SSudunqzdesnuew sue [[ 


@: éS2ONpoOud uO SadtAuSs SSaULSNG JO SuL{L ULewW 4UNOA St 2eUM 
asta Butuqzawos aue ¢ 
quopuedapul oue ¢ 
SUOLSLALD aue fb 
SALURLPLSQNS aue 9 
Zeste Butyzyawos 
4O JUuapuadapul SUOLSLALP SAURLPLSGNS e& SP paljiss2,[d NOK aay 
*sueak 2 SL aduatuadxa jo Ssueak yseaq 
“II *sueak 2 St aduatuadxa yo Surak zsSoy 
“aMaLAJaJUL Jy. 4O 
aoualuadxa jo Sueak sO uaqunu abeuare ILpeWYyILUe Sy} SL Bj 
(SyqUGW ‘Sue2a)) 
Z¥4OM JO PUL JYUaSaud unoA HuLop usaq NOK aaru Huo, MOU yNOGY 
“S[ELO AGN,L JO SUaSN YILM YZLeAap SauLeuuolyssnb p 
“SLO aqn, JO uaseudund YILM YLeeP SauteuUoLysaNb ZT 
* SDutseyusand 
. you 3ynq Bbulsn,, uo ,burseudung, auP adt4y0 snok ut ajdoad awos 


SS3I0Ud ONIMSIAMZLNI JOALILLY 3HL NI G3SN SNOILSIND OL S3SNOdS3Y JV@VISTLNYND 40 AYYWWNS 


“Qs 


“2g 


rae 


pasn pey 
pasn zou pey 2t 
guotqeuado unok ut S{LO aqn| pauljau-au pasn vara nok aaey *e/Z 


: puodseu jou plp Z 
ZL PedeplLsuods zou peYy OT 
ZL Ppedsplsuods pey fF 
~Burkng Atquasind aue nok sito ay} 4O Yyoea OJ S9zNZLYS 
-qns ajqussod ynoge yyhnoyz awos uarth Auedwod ano ut auokue sey *egz 
puodsau jou pip T 
abueyd e 3Ddadxa OU PLP OT 
afueyd e paqdedxa g 
20S uo Sueak g 3yxaU ayy uL abueY) 
abueyd e ydedxa OU PLP FT 
aBbueyd e pa.oadxe Z 
20S 4o weak yxau ay. ut abueuy 
zAng A,quasaand nok st Lo aqn, ay. sO Aue soj 
spacu Ayiytenb pue Aytquenb unok ut sabueyd Lerquezsqns yoadxa nok og “TZ 
puodsau jou pip T 
suatiddns pabueyd pue AZ[NItJiLp pey pey T 
AZLNILJJSLP OU pey HT 
gueak ysed ay. Butunp owty Aue ye papseu 
nok {LO aqn,t so Aqeyenb uadoud ayz Burz396 AqlNdoLyiLtp peu nok aaey °QZ 
“AYLNILJALP ON Pey Aayy ples papuodsau oym [Ly 
Zpapaau nok sito aqn, awos 40 AqyLquenb 


ay? 6ur33a6 ut AZ[NILJ4LP paduatuadxa nok aaey weak ysed ayy Hulung *e6T 


SOWLY — PAaLBaAed SEM AOPUdA T JO UOLZeL IUD 
SaUL} € PALPaAaU SEM SUOPUBA € JO UOLZELa4U0d 
SOWLY Z PaLeardu SEM SUOPpUaA fp JO UOLZEL A409 
SOWL} G PAaLPaAaA SEM SUOPUDA G JO UOL}eELs4U0d 


*$29onpoud 
ABYO JO SUOPUSA CZ S[LO BuLzedLuqn], JO SuOpUaA JO UOLZe[IWW0D “ST R LT 


puodsau jou pip 
dabeuew qzuetd s,Auedwod uray asoyud 
SAdALUP YONA $,AuedwOdD uLayy esoyd 


susautbue s,Auedwod vatauz asoyud ¢€ 
9 


(Burseyoung) A150 UMO 4Layz aSoYyd “SINVLYOdWI LSOW ONOD3S 
Juawyuedap jelLoueuLy asoud | 


uoLjoa1as 
BY pasodut SsuadtysO azeuoduod waybiy ples 2 


Suvoutbua s,Auedwod ulayz esoyurd pb 


(Butseydung) 891330 UMO 4Layz B9SOYD 6 ZLNVIYOdWI LSOW 
ZSLLO aqn,L UNOA soy WOPUaA kB JO UOLZDALAS ayy UL qUeWOdWL YSOW 3y3 
StL MOL9q pazSt{ atdoad Butmol[os ayy JO YDLYM Saduat4adxa UNOK uy °9] 
,aotud paqysanbau shed ysnf,, ay zeyy ples T 
uotzetyobau asoud ¢ 
UuOL}ZeLYOHau: Aq paMO| [OJ PLg SALZLZadWOD asoYd / 
PLQ SALZLYaIdWOD |BsOYd ZT 
hem U9YZO BWOS UO OM} |SOYR JO UOLZeULqWOD e *U0dLzeLAOHaU 
‘piq artqiqzadwos Ag {SLLO aqn, sos payst{qezsa adtud ay. SL MOH “ST 
puodseu Ou pip 2 
quawzLWWwOD g F Y S,4OpusaA asoUd T[ 
AAOUBAUL S$,AOPUaA BSOUD T 
SADLAUBS | PILUYIA S$,4OPUaA |sOYyd Q 
Auanrttap ydwoud asoyd 9 :{NVLYOdWI LSOW GNOD3S 
puodsou jou pip [ 


quequodut ZSoWw Sem aaMaLAUa UL 0} 
suattddns {Lo Aq ssautsng 40 UOLyNgLuzsStp ay. ples 


»sdaqsuenbpeoy azeuoduod,, Aq pazdejes Sem AL pLes 


T 

I 

AsOQUaAUL YUaLILJyNs e HulLuLeqUuLeW S$,4OpUasA |SOYD Z 
SIDLAUBS [PILUYIA $,4OPUaA asoYyd g 


Kudvat lap yawoud asoud SINVLYOdWI LSOW 


Z4OPUIA B JO UOLZDIALIS Jy UL YURQOdWL JSOW SL S4OZDPJ¥ BSeYyZ JO YDLYM ow 
L183 nok pinoy “{[Lo so adAz yea yzLM Auea Aew aduequodwt aALZeLe4 ALayz 
pue *SuopudA JO UOLZDALAS Jy} 02 Peal ZeYI SUOJIEY [PUBA|S Bue B4dYy “HT 


252 


“110 DLqayQUAS pasn peu paMaLAdaqUL WAts OU AZLLPad UL pu {LO 
DLyayWUAS 4O BuLueaw ay. 02 SB UOLSNyUOD pazedLpUL HuLyDaYyD waYyIUN4, Pu sadigOurPEP ZI 


puodsar 30u plp T SSa{ yonu yubrouy T 


xpasn pey € ssa, uo,{eb/dor ybnou 
asn jOU pey 21 SSa_ ZOT yyubnouy 2 


*oqa Suolpeb ‘quenb e voy [eLqua 


euotyedgdo SOA ULES [tO ceqn| “Ih 30u2UAs pesn ord nos oveH “PT t -AJdJJLP BY 0} Se Bas 02 YDadxXa NOA pjNoM abequsd.uad “oO yuUNOWe 7VeYM 


puodsau you pip fT 


puodseu you pip § 
atqeqydasoe auow aq you pinom Aayy yybnouy pb 


[eLyuauassip adtud e yoadxa plNom p 


a_geydasse auow aq pynom Avy yybnoyi TI [eLuadasiip adiud e yoadxa you plNom ¢ 


ES[LO Pauljou-au JO asn ayew 0} aLqe aq 
quBiw oum satuedwod 03 ajqeydaoce auow aq pinom Aayz yuULYy NOA Op 
*susulsou wofew Aq payngtuzsStp pue padnpoud auam S{[LO pauljou-du J] “OP 


£4902S pautjsau peurBbLuo ay. wouy uey. WoYuzPeY YDOJS paulsau-au wo4y 
apew S[LO BuLqzedtuqny, wos adtud yusuasjsip e Aed 032 yOadxa NCA p[NoM 


puodsau you pip T puodsas ou pip g 


ajqeqdaz.e asow aq you pLNom 3t 4Yybnoy IT azadwod jou plNom Aoyz paratiaq € 


ajqeqdasce auow aq plnom 3L yYBnou » azadwod p_nom Aayz paratjeq ¢ 
zpasn Bbutaqg mou S{tO aqnt 


2a6esn aseaudut Aqauayuy pue ajqeydaase JuOW S{LO poUuljsau-du ULBALA yQ1Mm A[u013s agadwod {11M S{LO paulyor-o4 4eya BAaLaq NOX og 


ayeu yyGiw S{Lo aqn, uLtbulA pue pautjau-au JO pualq e yuLyy Nok 0g “GE 
puodsau jou pip g atqesttdde zou sem uotzsanb ay} pres wo puodsai zou pip ZI 


u T 
MOLA 30 abueyd s,uaautbua asoyd JT SUTSHRAS eH Og “Neo t 


SUOPUBA YNOGe UOLZeWAOJWL |SOUd ¢ asn [euauab ul 3t ynd pey € 
gasn uo Bulquawiuadxa sauquny 


S[LO ULBALA JO AYLLLGeLLeAe JO YOR, ASOYUD b ZINVLYOdWI LSOW ONODIS ysurebe paptoap noX aaey uo asn |euauah oquL way. and nod aaey uo 
puodsau 30Uu pip p S[LO aqn,| pauljau-au yO asn ayy Uyim Bulquawtuadxa { [13S NOA sauy 
pte eh POU eet Cus FHL 2eS0U2 a_qeotidde you sem YL ples uO puodsau you PLp pT 


MatA jo abueyd s,uaautbua asoyd SUOL}ENILS YIOG UL JL pasn Aaya ples 2 


Auauryoew Auedwos asoys ZAOOL J UOLJINpOud LenzIe ayy UO 4O AYOZRUOGe] 


T 
T 
T 
ofhezueape uolizexez asoud Z OUR UL SLUR Sl *TVINANTYadXY SI TIO GANTAdd-Fe JO JON AHL #1 
Sabequeape stad asoyd € ayqeortdde you sem uotyzsanb yons ples uo puodsau you plp ZT 
17] 


[YO ULBALA $0 AZLLLqeyLeae JO yD, asoyd *INVLYOdWI LSOW 


éS[tO eqn, poutjou 

-au Bursn ynoge uotstoep e Huryew ul quequodut ysow ayz 9q plnom 
S$40}DP} SY JO YDLYUM *Su0zDeY JO UsawNnu e uO pusdap Aew Aued Zasn ueynbau ut zt St 4O SUuOLzLpUOd 
-wod unok Aq S[LO aqn{, pautjsou-au 30 asn (UL eSRaudUL) Bunny SUL “BE peqUewlLuedxa uapun uaeq A, | euauabh [LO pouljau-au JO ASN Styz Seq 


Aj ezuawtuadxea yt pasn OC 
Ajaepnbseu aL pasn py 


-9e 


“ve 


“Ee 


“RLE 


“Q82 


“P82 


253 


puodsau ou pip 6 


wnuue/suo,teb gog*z St AZLQuenb Mo7 
wnuue/suo,te6 goo’ sp st Aqiquenb ybiy 
wnuue/suo,.eb p02‘9L St asayi so abeuaay 


wnuue/suo, [eb O€pSeLl ¥O AZLquenb Lenuue [e302 e pey / 
gpesodsip {10 Hurzedtuqn, azsem yo Aztqzuenb A, ueak unok si eum 


puodsau you pip ¢ 

[LO 93SeM aYebaubas Op swuly 2 

[LO 93sem azehaubas You op swuly [| 
ésse,>d Aq pazebaubas s{to ayy auy 


puodseau jou pip 2 

dn 4t paxdid Auedwod auo A[uo sased ¢ uy] 

Auedwod auo uey} auow Aq dn paydid sem YL Sased 6 U] 
éAuedwod auo ueyy auow Aq dn paydid [Lo sqn, a3sem unod sy] 


puodsau you pip / 
JDeU2UOD B SPM SudU} PLES | 
42e4}U0D OU Sem auay? pies g 
ZL PAOWIA [LO 83SEM UOJ SJUaWAaBUR4Ue [eNIDeUZUOD aay? auYy 


puodsau you pip Ss} 
4eak/Q0S$ 40 994 a[buls e paqLd | 
2uo,t,e6 wad nok Aed Kay op yonw moy 


puodsau jou pip sj 
pred suam Aayz pres | 
2SLLO a3SeM BY UOJ NOA Ked [Lesodsip ayy saop yey Auedwod ay. saog 


puodsau jou pip g 
pobueyrxa Aauow OU sem duay} ples ¢ 
uo, ,eb/sjuad € SL 2SaM07 
uot, eh/szuad OL St 2sSaubiy 
uo, ,eb/squad $°9 St G aSay} jo abeueay 
aunbiy Asuow e& YYLM papuodsau & 
Zuo,,e6 sad nofk abueyd fay. op yonw moy 


puodsau OU pip g 
Aed jou pip ¢ 
Aem awos ut anjea pabueyoxa ¢s 


éAeme Yt aye} pue dn jt yOId 
02 [LO aqn, 3a3SeM uNOK JO Sasodstp ydtym Auedwod ay. Aed NOK og 
"8S. 
puodseu 10U pip | 
AL Leuuszul FL asn you pip {ft 
A, LPuuaqut YL pasn ¢ 


27t YZLM asta BuLyzyowos op NOK op uo SA, [euuazuL YL asn 
°9S nof 0g g1L0 a3sem unok 40 BHulsodsip wos asn nok op (s)poyqew 2eYM 


“tS 


“RES 


“92S 


“eS 


we 


"eLS 


“RQS 


254 


6.4 Summary of Interviews with Lubricating 011 Blenders 


6.4.1 Introduction 
The lubricating oi] "blending" industry is a potential market for 
re-refined oils. Therefore, interviews to assess attitudes and 
practices in the blending industry were conducted in January 1976. 
This subsection consists of the following parts: 

® Definition of an Independent Blending Company 

@ Market Served by the Blender 

@ Blenders in Ontario 

@ Market Segmentation in Ontario 

e Volumes of Base Lubricating Oils Required 

@e Prices Paid for Base Lubricating Oils 

@ Base Lubricating 0i1 Specifications 


@ Additudes Toward and Knowledge of Re-refining and Recycling 


6.4.2 Definition of an Independent Blending Company 

For the purpose of this study and in order to establish a specific 
market segmentation, an "independent blending company" is defined 

as a firm that produces finished lubricating oils by blending base 
oils obtained from a refiner or re-refiner with chemical additives. 
The blending company is further defined as not being one of the major 


oil companies. 


6.4.3 Market Served by the Blender 
Blenders compete in the marketplace with major refiners (and with 


other blenders) on the basis of: (a) a reputation for producing 


Goo QO 


a high quality product or specific type of product, and (b) market- 
ing activities that focus on a specific market segment. Although 
they compete with the major oi1 companies, blenders in Ontario 


purchase almost all of their base lubricating oil from the majors. 


6.4.4 Blenders in Ontario 

There are about seven major blenders located in Ontario whose 
individual annual sales volume exceeds one million Imperial gallons 
of product. The largest of the seven in 1975 sold slightly more 
than seven million gallons. Sales volumes for the remaining six 


blenders ranged from one. to three million Imperial gallons annually. 


Interviews were conducted with five blenders serving Ontario. 
Three of these blenders are subsidiaries of companies having head- 
quarters outside of Canada. Two of the blenders are privately 


owned firms. 


The interviews were conducted with the Presidents or Managing 
Officers at each of the five firms interviewed. The respondents' 
average (arithmetic) years of experience in the blending industry 
was 22 years, with a mode of 21 years. The respondents’ average 
(arithmetic) years of service with the firm was 19.5 years, with 


a mode of 20 years. 


6.4.5 Market Segmentation in Ontario 
The firms interviewed account for preparation and marketing of 12 mil- 


lion Imperial gallons, or 80 percent of total estimated 1975 sales 


O 


in Ontario of finished lube 071 products by the independent 
blenders. This represents about 12 percent of all blended oi] 
sold in Ontario. Based on the 1975 Forecast of Lubricating 011 
Sales in Ontario by Type of Oil (see Table 5.21 in Chapter 5), 
blenders supplied about 24 percent of the automotive oils used 


in Ontario and about 9 percent of the industrial oils. 


In 1975 lube 0i1 sales by all Ontario blenders amounted to 15 mil- 
lion Imperial gallons. Of this total, 10.5 million gallons, or 
70 percent was sold for automotive use, and 4.5 million gallons or 


30 percent was sold for industrial use. 


6.4.6 Volumes of Base Lubricating Oils Required 

Finished lube oils consist of a blend of base oils and chemical 
additives. Thus the raw material requirements of blenders do not 
consist entirely of lubricating oils. The fraction, by volume, of 

a finished product which is base oil can vary substantially. For 
example, additives account for about 20 volume percent of a high 
quality (API/SAE specification SE) automotive crankcase oil. The 
additive fraction of industrial oils can vary from less than 1 volume 
percent to 60 volume percent. However, hydraulic, metalworking, and 
gear oils, which account for a major portion of total industrial oil 
consumption, contain a smaller fraction of additives than automotive 
crankcase oils. In general, the lube oi] fraction of these industrial 
oils is about 90 volume percent. This figure is used in the following 
analysis of base oil demand by blenders. Table 6.1 provides a summary 


for 1975 of base oi] requirements of blenders in Ontario. 
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TABLE 6.1 


Base Oil Requirements 


Of The Blending Industry In 
Ontario in 1975 


1975 Sales of Required Base 

Finished Product Percentage Oils 

(Millions of of Base (Millions of 

Imperial Gallons) Oils Imperial Gallons) 
Automotive 10 5 80 8.4 
Industrial Oils 4.5 90 4.1 
Total Loe 1235 
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The potential market remains significant for a re-refiner even if 
a conservative evaluation of the amount of base oi] is assumed. 
Should each of the base oi] percentages in Table 6.1 be reduced 
by 10 percent,a market of 11 million Imperial gallons annually of 


base oi] still remains. 


6.4.7. Prices Paid for Base Lubricating Oils 

During the interviews with the Ontario blenders, the topic of 
current prices for base oils was reviewed. The average purchase 
price paid by the blenders during December, 1975 and January, 1976 
was 70.5 cents/Imperial gallon. Actual prices ranged from 65 to 
75 cents/Imperial gallon. A large order, placed in late January, 
1976, for about 2 million Imperial gallons was made at a price 


of 73.5 cents/Imperial gallon. 


All the blenders interviewed anticipated that the price of base oi] 
would rise sharply, and, as a tangible indication, one firm had 
just received an internal quotation from its U.S.A. headquarters 


for 87.5 cents/delivered Imperial gallon. 


6.4.8 Base Lubricating 011 Specifications 

Specification requirements for base oils and the quality of re- 
refined oils are addressed in detail within Chapter 2. This section 
reviews comments made by the blenders regarding desired base oi] 


specifications. 


The preparation of a high quality metalworking oi] requires a 
naphthenic base oil] having a viscosity of 100 Saybolt Universal 


Seconds (SUS) at 100° F. 


A major portion of the automotive oils are multigrade oils. 
Multigrade oils (e.g. 10W-40, 5W-30) are produced by blending 
light neutral base oils with viscosity index improvers. According 
to the blenders interviewed, a 100 neutral base oil is required to 
produce multigrade oils for the Ontario automotive market. A 


100 neutral base oil has a viscosity of 100 SUS at 100° F. 


6.4.9 Additudes and Knowledge--Re-refining and Recycling 


The questions used in interviews with the blenders regarding re- 
refined oi] were the same as those used in interviews with the indus- 
trial firms. The responses of the blenders indicate that they have con- . 
siderable knowledge of re-refining and the properties of re-refined oil. 
In fact, one of the blenders had been in the re-refining business. An- 
other blender was aware of recycling processes because oi] recycling 
was being carried out at two of his firm's blending locations in the 
United States. Recycling,as previously described in Section 6.2, is 

a cleaning process only. This latter blender was now studying the 


development of recycling at his Ontario location. 


One blender indicated he would welcome the Opportunity to reduce 
his dependence on the major oil companies by purchasing re-refined 
base oi]. However, such a comment is not necessarily an indication 
of actual purchasing attitudes. The availability of re-refined 
base oils could be used for leverage during negotiations with major 


01] companies in order to improve the terms of agreement. 
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Two concepts typically underscored the interviews. To be successful, 
a re-refiner must provide assurance of consistent quality and quan- 
tity before a blender would rely on a re-refiner for a major frac- 
tion of his base oil requirements. However, one major blender sum- 
marized his attitude toward re-refined oi] by stating that if these 
two conditions were met and the re-refiner offered a slight price 


advantage, "I'd buy everything a re-refiner could produce." 
6.5 Major Marketing Channels in Ontario and Summary Assessment of 

the Potential Market for Re-Refined Products 
62551 Introduction 
The purpose of this section is to describe the major marketing channels 
for lubricating oi] products in Ontario with emphasis on those channels 
available to a re-refiner. Estimates of the potential degree of suc- 


cess obtainable in those channels and the sensitivity of this success 


to pricing in each applicable channel are also provided. 


The discussion is organized as follows: 
& Major Lubricating 0i1 Marketing Channels 
@ Wholesale Market 


@ Closed-cycle Commercial/Industrial Market 


6.5.2 Major Lubricating 0i] Marketing Channels 

Figure 6.1 is a display of the market channels for lubricating oils 
in Ontario. There are four categories of suppliers of lubricating 
oil in the Province. The first category includes the three major oil 


companies who have their own lube oil refineries in Canada: Gulf, 
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Imperial and Shell. The second category includes the other major oil 
companies who do not have lubricating oil refining capability in Canada. 
The third category includes the independent blenders who do not have 
refining capability but do have blending capability. The last category 
is the retail merchandisers, who have neither refining nor blending 
capability, but do have ready access to the final user market. 
There are three ways in which a marketer can obtain lubricating oil: 

1. Refine crude oil to produce lube oil. 


2% Purchase base or finished oils from one of the three Canadian 
refiners. 


3. Import base or finished lubricating oils. 
As shown in Figure 6.1, not all of these alternatives are available 


to each of the four categories of suppliers of lubricating oil. 


Only limited quantitative data exist pertaining to each channel in 
Figure 6.1. Neither Statistics Canada data nor the results from the 
Survey of major marketers provided sufficient detail. However, the 
limited available data are useful in defining the potential markets 


for the re-refining alternatives examined in this study. 


6.5.3 Wholesale Market 
The market most easily accessible to a large re-refinery is the whole- 
sale base oi] market. As shown in Figure 6.1, there are three cate- 
gories of suppliers of lubricating oi1 who purchase base oils: 

® Canadian refiners of lubricating oi] 

e Major oi] companies without refining capability in Canada 


@ Independent blenders 
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Some Canadian refiners may be expected to import a part of their base 
oil requirements from company-owned refineries outside of Canada. 
Thus, barring a major lubricating oil shortage, the Canadian refiners 
do not represent a major market for re-refiners selling base stocks. 
Major oil companies without refining capability in Canada purchase 
base oils from Canadian refiners and import base stocks or finished 
oils from company-owned refineries outside of Canada. These firms, 
therefore, represent a potential market for a re-refiner. Although 
the annual quantity of purchases is substantial, this volume cannot 


be established from the currently available data. 


Independent blenders (see Section 6.4.6) provide the most easily ac- 
cessible market for re-refined base oils. The blending industry in 
Ontario supplies finished products to both the automotive and indus- 
trial sectors. The bulk of the finished products is multigrade auto- 
motive crankcase oil. The other major products are hydraulic, metal- 


working and gear oils for industrial uses. 


The total market for base oils purchased by independent blenders was 
approximately 12.5 million Imperial gallons in 1975. The yearly quan- 
tity of finished base oi] produced by the Distillation/Clay re-refin- 
ery, described in Case 3 of Chapter 2, is about 4.18 million Imperial 
gallons. This product volume represents about one-third of the total 
market requirements should all of the base oi] produced be sold to 


independent blenders. 


Interviews with independent blenders revealed that a re-refiner could 


sell considerable volumes of base oil to these firms provided he could 
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provide assurance of supply and maintenance of product quality. How- 
ever, re-refined oil would probably have to be offered at a price below 
the price of competing virgin oils. This is because Ontario blenders 
have not been faced with a shortage of virgin base oils. In fact, 

as discussed in detail in Chapter 5, it is probable that over the next 
few years the lube oil market will continue to be dominated in nature 
by supply rather than demand, especially in view of Gulf's plans to 
expand its refinery axpacity The blenders interviewed expressed the 
Opinion that a re-refiner would have to offer a price discount ranging 
from 10 percent to 10 cents per Imperial gallon in order to secure 


the required share of the market in the early years of operation. 


One important reason for the independent blenders to buy from a re- 
refiner is to achieve a diversification of sources of supply. Some 
blenders depend on the major oil companies for nearly all their base 

oil requirements. This alternate source of base oi] supply was a desir- 


able factor according to all the independent blenders interviewed. 


Sales of bulk finished products by a large re-refiner to commercial 
and industrial clients could only be achieved by a major marketing 
effort over a period of several years. A large independent re-refiner 
could not effectively undertake such a marketing effort until a bulk 
wholesale market had been established. On the other hand, major oi] 
companies and blenders, who have already established a good reputation 
and marketing channels, could immediately sell quality re-refined oil 


to commercial, industrial and even retail clients. 
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6.5.4 Closed-Cycle Industrial Market 

The marketing and pricing strategies for sales of re-refined oil under 
closed-cycle conditions to commercial and industrial clients are not 
as easily definable as in the wholesale market. A number of variables 


must be considered that are not present in wholesale marketing. 


Closed-cycle re-refining provides the client with a service rather 
than a product. The re-refiner is not manufacturing a lubricant. 
Rather he is cleaning the client's dirty oil. The client receives 

a high degree of consistency in the finished product because it was 
his oi] that provided the base stock. Further, it is assumed that 
the client would receive ongoing technical assistance in solving his 
lubrication problems. Finally, the client is also provided with an 


environmentally acceptable means for waste 0i1 disposal. 


Based on a review of data contained in Scott's Industrial Directory- 
-Ontario, we have concluded that there are about 50 industrial firms 
which utilize large quantities of hydraulic, gear and metalworking 
oils. Waste oils of these types can be re-refined under closed-cycle 
conditions using the Dehydration/Clay process described in Case 14 
of Chapter 2. In Ontario a classification of major users of these 
types of oils would include the following industrial companies: 

a Steel production and rolling mills 

@ Automotive and truck parts manufacturing 


© Agricultural equipment parts manufacturing 
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In a similar manner, the review indicates there may be approximately 
200 intermediate users and about 800 small users of these types of 


Okt 


For the sake of illustration, assume that the major users purchase 

30 percent of the hydraulic, gear and metalworking oils and that the 
intermediate and small users purchase 40 and 30 percent, respectively. 
The purpose of this assumption is to illustrate the minimum number 

of sales required each year to maintain the desired capacity of opera- 
tion of the Dehydration/Clay re-refinery. On the basis of these assump- 
tions, Table 6.2 can be constructed. As shown in the table, a rela- 
tively large number of successful sales must be made to support even 
the smallest re-refineries considered in this study. For example, 
approximately 15 sales of 114,000 Imperial gallons must be made with 
the large users of hydraulic, gear and metalworking oils each year 

to support a product output of 1.8 million Imperial gallons. The 
number of sales in actuality will be much greater because it will pro- 
bably not be possible to sell a full 114,000 gallons with each sale 
during the year. In a similar manner, increasingly larger numbers 


of sales are required to the intermediate and small users. 


Based on the interviews with industrial lube oi] consumers, there is 
reason to believe that a considerable marketing effort will be required 
in order to secure the number of industrial clients discussed above. 
The interviews indicated that the individual purchasing lubricating 


oil products typically had over ten years of experience in buying oi]; 
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the purchasing department typically received lubricating oil speci- 
fications and assessments of potential suppliers from engineers within 
the firm, not necessarily located in Canada; and the individual pur- 
chasing oi] was typically two or three levels in management below 
corporate officers, such as vice-presidents or executive vice-presi- 
dents. In fact, none of the individuals responsible for the purchase 
of lubricating oil interviewed, even in the smallest of firms contacted, 
reported to the corporate officer level. Thus, the early marketing 
effort will need to be extensive. Several years may be required for 

a re-refiner to secure an adequate sales volume. Once the clients 
have been secured, the marketing effort may be greatly decreased, 
provided personnel are assigned the responsibility of maintaining the 
then existing clients. Such maintenance will be obtained through 
continuous technical assistance, prompt waste oil collection and de- 


livery of quality finished products. 


Prices assumed for finished oils produced by a re-refiner in Case 

15 of Chapter 2 were about 5 to 10 percent below current prices for 
comparable virgin oils in Ontario. In addition, the same case study 
assumed a payment to the industrial client of 5 cents per Imperial 
gallon of waste 011 collected. This represents a further net price 
reduction. Even considering the services offered and total price 
reduction, the investment requirements, cost of production and rate 

of return after tax are very attractive for this mode of operation. 

In fact, further price reductions are feasible should the market become 


extremely competitive. 
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Of the companies interviewed, several industrial firms felt there was 
no reason to pay lower prices for re-refined oil as long as consistent 
quality could be assured through laboratory tests. Thus, for these 
clients the future market prices for re-refined oils would approximate 


those for lubricating oils produced from virgin stocks. 
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7. TECHNOLOGY FOR AN OPTIMAL RE-REFINERY 


7.1 Introduction 

Based on evaluations of the technology, economics. and environmental 
impacts of available re-refining technologies considered in this 
study, this chapter will recommend the optimal re-refining tech- 


nology for Ontario based on current and projected market conditions. 


This chapter is divided into the following sections: 
@ Matrix Comparison of Re-refining Processes 
@ Sensitivity Analysis of Matrix Comparison 
@ Environmental Rating 
@® Quality of Product Rating 
@e Product Range Rating 
@ Feedstock Availability and Market Assessment 
@ Economic Rating 


e Conclusion 


7.2 Matrix Comparison of Re-Refining Process 


The results of the evaluations comparing each of the five re-refining 


processes evaluated in this study are shown in Figure 7.1. 


Two types of ranking methods have been used in the comparisons --one 
subjective or qualitative and the other numerical. For the numerical 
method, a sensitivity analysis was performed. The sensitivity anal- 


ysis is presented in Section 7.3. 


rat a 0 


e Subjective Ranking Method 


This method utilizes written descriptions and color coded 
circles to provide an assessment. The written descriptions 
are used to explain the characteristics of a process rele- 
vant to a certain cell of the matrix. Colored circles are 
used to indicate the evaluation of each process relative to 
the criterion indicated for each column of the matrix. 


e Numerical Ranking Method 


This method utilizes a numerical rating system with weighting 
factors for each of the important criteria for comparison. 


The numerical rating system assigns to each process a rating 
for each criterion using a scale from zero to ten, where ten 
is the most desirable, and zero is the least desirable. 


For each of the criteria, an evaluation is made of relevant 
process characteristics to establish the appropriate numerical 
rating. 


The criteria for process evaluation presented in the matrix 
are summarized below: 


@ Environmental Rating -- Generation of by-products 
during the process operation based on: 


- Degree of hazard 


- Volume of waste per unit of product 
produced 


@® Quality of Product Rating -- Effectiveness in 
removal of contaminants and additives, as well as 
effect of the process on desired product qualities. 


e@ Product Range Rating -- Ability of the process to 
produce selected product classifications, either 
neutral or bright stocks, and to provide a desired 
specific gravity and viscosity. 


@ Feedstock Availability and Market Assessment -- Ability 
to obtain the required quantity of waste oil feed 
for a specific desired operational capacity and the 
ability to market the product, either base oils to 
the wholesale market or finished oils blended with 
additives to final users. 


Pd i O 


Figure 7.| 


MATRIX COMPARISON OF RE-REFINING PROCESSES 


ACID/CLAY PROCESS 


EXTRACTION /ACID/CLAY 
PROCESS 


DISTILLATION /CLAY 
PROCESS 


DISTILLATION/ 
HYDROTREATMENT 
PROCESS 


DEHYDRATION / CLAY 
PROCESS 


Closed contractual relationship 
with industrial firms. 


Rating Factor x (Weighting Factor) = 


ENVIRONMENTAL 
RATING 


Weighting Factor, (.20) 


Generates large volumes of acid 
sludge containing lead. Sulfur 
oxide emissions are a potential 
problem. 


Generates less acid sludge and 
sulfur oxide than acid/clay due 
to reduced usage of sulfuric 
acid. Also the sludge contains 
relatively less lead, but this 
is offset by the lead content of 
the high ash residue. 


C) 5 (.20) 


Process does not require sulfuric 
acid. Therefore the acid sludge 
and potential for sulfur oxide 
emissions are avoided. Centrifuge 
caustic sludge and distillation 
bottoms contain lead. Oily clay 
is also produced. 


T (.20) 


No clay is required. Otherwise 
residuals production is the same 
as Distillation/Clay. Elimination 
of clay provides a marginal advan- 
tage over the Distillation/Clay 
process. 


No lead- or caustic-containing 
wastes as in distillation processes 
Only clay is produced. 


Weighted 


Rating 
Factor 


QUALITY OF PRODUCT 
RATING 


Weighting Factor, (.20) 


Sulfuric acid reacts with, dis- 
solves or settles metal salts, 
asphaltics, aromatics, organic 
acids, polar compounds and metals 
to form a sludge which is settled. 


8 (.20) 


Comments pertaining to the acid/ 
clay process, above, apply. In 
addition, the process provides a 
means to draw off residuals insolu- 
ble in propane. 


9 (.20) 


During the distillation process the 
suspended solids and other impuri- 
ties are collected in the vacuum 
tower bottoms and are removed. 
Spent additives are removed by 
treatment with caustic followed by 
centrifuging. 


8 (.20) 


Comments pertaining to the distil- 
lation/clay process, above, apply. 
In addition, hydrotreating removes 
asphatines, sulfur, and produces 

a clean product. 


Industrial oils provide the waste 
feed stock and tend to contain 
fewer contaminants and dispersant 
additives. Process cannot accept 
crank case oils. 


MOST 
DESIRABLE 


PRODUCT RANGE 
RATING 


Weighting Factor, (.05) 


Generally recover lube oi] neu- 
trals and bright stocks in pro- 
portion to feed mixture. The lack 
of a distillation tower limits the 
number of cuts that would be pro- 
duced. 


Comments pertaining to the acid/ 
clay process, above, apply. 


5 (.05) 


The distillation process recovers 
neutrals; bright stocks become 
part of the high ash fuel. The 
distillation tower can produce 
several grades in continuous 
operation. 


Comments pertaining to the distil- 
lation/clay process, above, apply 
Hydrotreating adds hydrogen to the 
oils, thus slightly reducing the 
specific gravity and viscosity. 


The product grade is closely rela- 
ted to the batch of waste oil pro- 
cessed. Close contro] of waste oil 
received is required in order to 
produce the product desired 


S) 6 (.05) 


FAVORABLE 


FEED STOCK 
AVAILABILITY AND 
MARKET ASSESSMENT 
RATING 


Weighting Factor, (.15) 


Waste oi] fuel requirements of 
about 5 million Imperial gallons 
may not be available due to limi- 
ted known supplies and competition 
for waste oil. Anticipated in- 
crease in competition in lube oil 
market due to planned additions to 
refining capacity in Ontario 


Comments pertaining to the 
acid/clay process, above, apply. 


Comments pertaining to the 
acid/clay process, above, apply. 


Comments pertaining to the 
acid/clay process, above, apply. 


& O (.15) 


Waste oil feed requirements of 
about 2 million Imperial gallons 
represent about 20 percent of 
known annual volume. Closed in- 
dustrial contracts reduce the risk 
of competition from new sources 

of supply. 


@ 5 (.15) 


ACCEPTABLE 


WEIGHTED 


ECONOMICS RATING RATING 


FACTOR 
Weighting Factor, (.40) 


Internal rate of return after tax 
ranged from “not profitable" to 4.4 
percent based on a selling price of 
70¢ and a cost of 66¢ per Imperial 
gallon. 


Internal rate of return after tax 
ranged from 2.7 to 13.2 percent 
based on a selling price of 70¢ 
and a cost of 56¢ per Imperial 
gallon. 


Internal rate of return after tax 
ranged from 9.7 to 23.5 percent 
based on a selling price of 70¢ 
and a cost of 49¢ per Imperial 
gallon. 


Internal rate of return after tax 
ranged from 6.2 to 18.5 percent 
based on a selling price of 70¢ 
and a cost of 51¢ per Imperial 
gallon. 


Internal rate of return after tax 
of 18.5 percent based on selling 
a blended finished product with a 
cost of production of base oi! of 
52¢ per Imperial gallon 
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@ Economic Rating -- Assessment of economic desirability 
based on the amount of initial capital investment 
required, unit cost to produce a gallon of product, 
and estimated percentage rate of return after 
tax. 

To account for the relative importance of each of the above 
criteria, the following weighting factors were utilized 
in the base case evaluation: 

e Economic Weighting Factor -40 

e Environmental Weighting Factor . 20 

e Other Factors 

- Quality Weighting Factor .20 


- Product Range Weighting 


Factor 05 
- Feedstock Availability 
and Market Assessment perl 
40 
1.00 


During the evaluation, the numerical rating given to each 
criterion for each re-refining process is multiplied by 
the appropriate weighting factor. The overall re-refining 
process rating factor is obtained by totaling ratings for 
the various criteria. The re-refining process with the 
highest total is the most desirable. 


7.3 Sensitivity Analysis of Matrix Comparison 


Sensitivity analysis was performed using the numerical rating system 


described above and the alternative cases presented in Table 7.1. 


Comparisons of the overall ranking of the re-refining technologies 


for the cases listed in Table 7.1 are presented in Table 7.2. 


This method of sensitivity analysis enables the consideration of 


different viewpoints. Using this approach, the following 


2/3 Q 


Table 7.1 


Sensitivity Analysis 
of the 


Numerical Ratings in the Matrix 


Base Case 
1. Economic Weighting Factor 
2. Environmental Weighting Factor 
3. Other Factors Combined 


Case 


Case 


Case 


a. Quality Weighting Factor 

b. Product Range Weighting Factor 

c. Feedstock Availability and 
Market Assessment Weighting 
Factor 


Combined Weighting Factor 


] 


MaPwnr— 


Wr 


cmd 
° 


Pwnr— 


Economic Factor remains 
Environmental Factor increases to 
Quality Factor decreases to 
Product Range Factor remains 
Feedstock Availability and Market 
Assessment Factor remains 


Economic Factor decreased to 
Environmental Factor increased to 
Other Factors remain the same 


Economic Factor decreases to 
Environmental Factor increases to 
Other Factors remain the same 


Economic Factor increased to 
Environmental Factor remains 
Quality Factor decreases to 

Other Factors remain 
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.40 
20 


-40 


Table 7.2 


Different Weighting Factors for Relevant Criteria* 


Base 

Case Case 1 Case 2 Case 3 Case 4 
Dehydration/Clay ] 1 ] ] ] 
Distillation/Clay 2 2 3 3 2 
Distillation/Hydrotreating 2 Z 2 2 3 
Extraction/Acid/Clay 3 3 4 4 4 
Acid/Clay 4 4 5 5 5 


* Processes are ranked on a scale of 1 to 5, where 1 is the most 
preferable and 5 is the least preferable. 
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conclusions can be reached: 
@ Within a reasonable range of ratings, certain 
technologies appear as either most acceptable 
(thus focusing attention on those technologies) 
Or most unacceptable (thus eliminating them from 
consideration). 
e If the ranking of one or more technologies changes 
dramatically as weights are varied, the critical 
factor causing the change can be isolated for 
further analysis. 
@ The use of sensitivity analysis, properly explained, 
along with the subjective ranking system described 
above, is an effective method of focusing attention 
of public bodies and interest groups upon the 
critical issues. 
Cases 1 through 3 in Table 7.1 represent the alternatives for increas- 
ing the dominance of the "Environmental Rating" weighting factor, and 
the simultaneous reduction of importance of the "Economic Rating." 
Case 4 represents an assessment of increasing the Economic Rating above 


the original level assumed in the base case. 


The base case ranking indicates that the Dehydration/Clay process is 
the most desirable. Its weighted rating factor of 7.65 is notably 
above that of either the Distillation/Clay (7.00) or the Distillation/ 
Hydrotreating (also 7.00) process. Both the processes utilizing acid 
treatment have weighted rating factors sufficiently low to be 
considered unacceptable in relation to the other re-refining tech- 


nologies. 


The Dehydration/Clay process remained the most desirable in all of the 
alternative cases used in the sensitivity analysis. In a similar 


manner, both acid treatment processes maintained their respective low 
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rankings. Within the sensitivity analysis only the distillation 
processes reversed their respective positions. However, considering 
the qualitative nature of this type of evaluation, both distillation 


processes should be considered equally desirable. 


The relative rating factors for each evaluation criterion were based 

on the analysis performed in this study. The rationale for each rating 
is presented within the text of the matrix. Further detailed descrip- 
tion pertaining to the rationale for selecting specific ratings is 


presented in the following sections of this chapter. 


7.4 Environmental Rating 


The environmental evaluation of the alternative re-refining tech- 
nologies has been provided in Chapter 3 of this study. The resultant 
environmental ratings are presented within the matrix in Figure 7.1. 
The degree of the hazard and the volume of waste per unit of 


product are the key determinants in the environmental assessment. 


The most environmentally desirable technology is the Dehydration/Clay 
process. This process produces a waste that may be classified as a 
"nuisance," rather than a hazard. The re-refining technologies were 


compared to this reference point. 


The Distillation/Hydrotreating process requires no clay, whereas the 
Distillation/Clay process does. Therefore, the hydrotreating process 
has a higher rating. However, the relative differential is smal] 


because oily clay is not considered to be hazardous; rather it is more 


of a volumetric nuisance. Both of these processes are rated lower than 
the Dehydration/Clay process because they do produce wastes containing 
lead and caustic. Since only industrial oils can be re-refined using 


the Dehydration/Clay process, no lead containing wastes are produced. 


The Extraction/Acid/Clay process is rated higher than the Acid/Clay 
process because smaller quantities of lead and acid bearing sludge are 
produced. Both acid treatment processes have lower ratings than the 


distillation processes due to the acid content in the waste. 


7.5 Quality of Product Rating 


The quality of re-refined oil is addressed in the technical 

descriptions of each process described in Chapter 1. Evaluations 

of laboratory samples from three of the technologies are provided within 
the latter half of Chapter 2. The quality ratings are presented with- 


in the matrix in Figure 7.1. 


All the processes considered in this study provide the capability to 
produce high quality products. There are only minor differences in 


the quality of oils produced using the different technologies. 


The Extraction/Acid/Clay process is rated higher than the Acid/Clay 
process because the extraction operation provides a means to draw 
off residuals insoluble in propane. Both processes utilize sulfuric 
acid that reacts with, dissolves or settles metal salts, asphaltics, 
aromatics, organic acids, polar compounds, metals and dirt to form 


a sludge. This sludge settles out of the solution and is drawn off. 
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The Distillation/Hydrotreating process is rated higher than the Dis- 
tillation/Clay process because hydrotreating is extremely effective 

in removing sulfur and color bodies thereby producing an extremely 
clear product. Both processes use the distillation technique in which 
suspended solids and other impurities are collected in the vacuum 
tower for removal. Spent additives are removed by treatment with 


caustic followed by centrifuging. 


The ability of the Dehydration/Clay process to produce a high quality 
product is highly dependent on control of the waste oil received. The. 
feedstock must consist of industrial oils, separated by type of product. 
Each type of waste industrial oil is re-refined in a separate batch 
operation. Most industrial waste oil contains significantly fewer 
contaminants and dispersant additives than used crankcase oils. Hence, 


fewer undesirable wastes are produced. 


7.6 Product Range Rating 


The evaluation of the product range potential for each re-refining tech- 


nology is presented in Chapter 1. 


The basis for the ratings presented in the matrix in Figure 7.1 is the 
ability of each process to produce selected product classifications. 
Such classifications include the ability to produce neutral or bright 


stocks having a range of specific gravities and viscosities. 


Both acid treatment processes are rated the lowest, relative to the 
other technologies, because they generally recover a blend of lube oils 


containing neutrals and bright stocks in proportion to the composition 
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of the waste oi] feed. The neutrals and bright stocks could 

be separated in a vacuum distillation; however, this would require a 
significant increase in cost. The intended major market for the re- 
refined base stock from the relatively high volume designs considered 
in this study is the Ontario wholesale market. Based on interviews: 
with purchasers in the wholesale market, neutral oils are the pre- 
dominantly desired base stock. This is especially important where 
multi-grade oil is the finished product. Such a market situation 
exists in Ontario where, because of severe winter weather, lower vis- 
cosity oils are required. This is not the case in warmer climates. 
Bright stocks are normally used to produce a heavier grade oil needed 


at elevated temperatures. 


The foregoing comments are not meant to indicate the lack of a whole- 
sale market for bright stocks in Ontario. However, the results 

of the interviews described in Chapter 6 indicate that most of the in- 
dependent blenders purchasing base oil on the wholesale market require 


light neutral oils for producing multi-grade finished oils. 


The utilization of a vacuum distillation tower allows the separation 
of the neutral and bright stocks. The neutrals are recovered 

from the process and the bright stocks become part of the high ash 
fuel which is drawn off for use or sale. The distillation tower also 
provides the ability to produce selected specific gravities and vis- 


cosities, in a continuous operation. 


The hydrotreating process adds hydrogen to the finished base oil. 


This tends to produce an oil having a slightly lower specific gravity 
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than the product produced from the Distillation/Clay process. The 


effect on product range is, however, minor. 


Since waste industrial oils are separated by type and processed in 
separate batch operations, the Dehydration/Clay process provides the 
final user of a specific finished oi] with his exact requirements. 
Therefore, the rating assigned in the matrix could be higher than 
shown. The reason the lower rating was selected is attributable to 
the inability of the Dehydration/Clay process to yield products having 
a range of viscosities. This represents a lack of flexibility in 
comparison to the distillation processes. Thus, the Dehydration/Clay 


process is rated below the distillation processes. 


7.7 Feedstock Availability and Market Assessment 


Process ratings under these criteria are based on: 


@ The ability to obtain the required quantity of waste oil 
feed for a given operational capacity. 


@® The ability to market the product. 
The major market for products from both the acid treatment processes 
and both the distillation processes consists of lube oil blenders. 
The market for products from the Dehydration/Clay process consists of 
industrial clients with whom contractual arrangements have been estab- 


lished. 


The waste oil feed requirement for the larger re-refining processes 
evaluated in this study is about 5 million Imperial gallons a year. 
This represents more than half of the known quantity of waste 


oil collected in Ontario each year. 
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There are two alternative markets for waste oil that would provide 
competition to a re-refiner seeking to secure adequate volumes of feed- 
stock. The first market is municipalities which use waste oil as a 
dust suppressant on rural roads. These municipalities typically 
contract with road oiling firms, who are for the most part also waste 
oil collectors, to have the roads sprayed. The other major market 
currently existing in Ontario is the burning of waste oil as a fuel 


in cement manufacturing. 


Two additional markets for the use of waste oil should be considered. 
One is the use of industrial waste oil as a fuel within the industry 
of origin; the second market is the collection and sale of waste oil 


as a fuel either within Canada or in bordering areas of the U.S. 


The uncertainty in the availability of waste oil in Ontario is 
graphically depicted in Figure 2.3 in Chapter 2 entitled "Simplified 


Flow Sheet for the Lubricating 0i1 Cycle in Ontario." 


In summary, over 87 million Imperial gallons of lubricating oil are 
currently being purchased annually in Ontario. Approximately 9-10 
million Imperial gallons of waste oil have been accounted for in 

recent preliminary surveys. Some waste oil is, of course, consumed 

in service, but according to estimates by Environment Canada, in Ontario 


22 million gallons of used oil cannot be accounted for. 


Based on the uncertainty of waste oil supply in Ontario, the larger 


re-refineries evaluated in this study received a zero rating for this 
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evaluation criterion. This rating has a substantial effect on the 


total weighted rating factor and the recommendations of this report. 


The Dehydration/Clay process requires about 2 million gallons of 
waste oil feedstock annually. The industrial waste oil required is 
collected under contractual conditions by the re-refiner; the capital 
and operating costs for such collection have been included within the 
evaluation. The Dehydration/Clay re-refiner considered in this study 
is, therefore, somewhat insulated from competition provided by other 


markets for limited supplies of.waste oil. 


The ability to market the re-refined product is the second evaluation 


criterion. 


In 1969, Shell opened a major refinery in Quebec which produces a wide 
range of petroleum products including lubricating oils. An analysis 
of the impact of the Shell refinery on the lube oil market in Ontario, 
Quebec and Canada has been provided in Chapter 5. The opening 

of the Shell refinery extensively disrupted the previously existing 


market balance. 


The Gulf refinery, with more than twice the lube capacity of the Shel] 
refinery, is currently planned to be opened in 1979 in Ontario. Thus, 
based on historical precedent, several generalizations may be made to 
estimate the effect on the lube oil market. The demand for imports 
will fall sharply. At the outset, Gulf will not be able to market all 
of its lube oil production directly to final users. As the level of 


demand increases, Gulf's final user market will also grow. 
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During this period, Gulf may be expected to increase its sales in 
the Canadian wholesale market. This focus on the wholesale market 
will provide competition for other suppliers of base oils, including 
a large waste oil re-refiner. Further details of this situation are 


provided in Section 5.8. 


In contrast, the Dehydration/Clay re-refiner would be somewhat 
insulated from the increased competition in the lube oil market. 
This insulation would be provided by contractual arrangements to 
provide a full range of services, such as the collection of the 
industries' waste oil and the provision of finished products 
(blended with additives) to meet specific needs. Further, the 
economic analysis provided in Chapter 2 indicates that the Dis- 
tillation/Clay re-refiner selling finished oils is in a stronger 
competitive position than re-refiners producing base oils for 


the wholesale market. 


7.8 Economic Rating 


The economic analysis of re-refining processes is presented in detail 


within the first half of Chapter 2. 


The economic ratings provided in the matrix in Figure 7.1 are based on 


the following criteria: 
@ The amount of initial capital investment. 
@ Unit cost to produce a gallon of base oil. 


e Estimated percentage rate of return after tax. 


Data for each of these criteria are presented in Table 7.3. 


Table 723! 


Economic Rating 
Evaluation Criteria 
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Acid/Clay Process $3,229 3,960 66¢ 4.4% 


Extraction/Acid/Clay Process $4,419 4,579 56¢ 13.2% 
Distillation/Clay Process $25970 4180) 49¢) 23.52 


Distillation/Hydrotreating $32,636" $4180) ole. 18.5% 
Process 


Dehydration/Clay Process S191" 2800 (526.7 18 052% 


* Rate of return after tax based on a net increase in profits 
of 6¢ per gallon attributable to blending of additives with 
re-refined industrial oils. Without such blending the net 
rate of return is 14.4%. 
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Based on the economic evaluations of each re-refining technology, 
the Distillation/Clay process provides the most attractive invest- 
ment alternative. The Distillation/Hydrotreating and Dehydration/ 
Clay processes are ranked second. The Dehydration/Clay process 
might prove slightly more attractive due to the smaller capital 


investment requirement. 


Economic evaluations normally include a minimum level "rate of return 

on investment" requirement. Current investors might typically require 
at least an 8 to 12 percent rate of return for the risks involved in 

the re-refining industry. Based on these levels, the Extraction/Acid/ 
Clay process is only marginally attractive; the Acid/Clay process is 

not an attractive investment. In fact, an investment in a bank savings 
account would prove to be more attractive, at less risk, than an invest- 


ment in the Acid/Clay process. 


7.9 Conclusion 

The recommended optimal technology for a re-refinery in Ontario based 
on current and projected conditions is the Dehydration/Clay process 
operated on a "closed-cycle" contractual basis with industrial clients. 
Such a recommendation is dependent on a specific "potential adverse 
condition." This condition is the uncertain availability of waste oil 
feedstock in sufficient quantities to operate a relatively large re- 


refinery at the required level of capacity. 


Should the feedstock availability and market assessment rating for the four 


large re-refining technologies be raised to five or more, the Distillation/ 


Clay and Distillation/Hydrotreating processes would be the two most 
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attractive alternatives. Such a rating might be applicable if there 
were a greater assurance of supply, either through location of addi- 
tional sources of waste oil or through the provision of guaranteed 
allocations from currently known available supplies. However, even 
if an adequate supply of feedstock could be assured, increased com- 
petition in the wholesale market due to large scale expansion of 
lube producing capacity in Ontario may pose a threat to profit- 


ability of a large scale re-refinery. 
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